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Preface 


The author is confident that the present work in form of this book will come as a relief 
to the students, makers, and professionals alike wishing to go through a comprehensive 
work explaining difficult concepts related to Arduino platform and ecosystem in the 
layman’s language. The book offers a variety of practical projects with electronic 
components and sensors. Also, this is the one of the very first printed books on the 
Arduino platform which offers detailed instructions on setup of Arduino Tian. 

This book promises to be a very good starting point for complete novice learners 
and is quiet an asset to advanced users too. The author has written the book so that 
the beginners will learn the concepts in a step-by-step approach. 


Though this book is not written according to syllabus of any University, students 
pursuing science and engineering degrees (B.E./ B. Tech /B.Sc./ M.E./ M. Tech./M.Sc.) 
in Computer Science, Electronics, Instrumentation, Telecommunications and Electrical 
will find this book immensely beneficial and helpful for their projects and practical 
work. Software and I.T. Professionals who are beginning to learn microcontrollers or 
want to switch their careers to loT (Internet of Things) will also benefit from this book. 


It is said "To err is human, to forgive divine". In this light the author wishes that 
the shortcomings of the book will be forgiven. At the same time, the author is open to 
any kind of constructive criticisms, feedback, corrections, and suggestions for further 
improvement. All intelligent suggestions are welcome and the author will try his best 
to incorporate such in valuable suggestions in the subsequent editions of this book. 


Ashwin Pajankar 
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CHAPTER 1 


Introduction to Arduino 


| hope that all of you have gone through the preface. If not, | would recommend you to 
read it thoroughly. With this chapter, we are starting our journey into the wonderful 
and amazing world of Arduino. 

Arduino is an open-source electronics prototyping platform and ecosystem. It is 
based on easy-to-use hardware and software environments. It is intended for students, 
artists, designers, hobbyists, enthusiasts and anyone interested in creating interactive 
objects or environments. 

In this chapter, we will learn the following concepts: 
> Microcontrollers 

> AVR Microcontrollers 

> Arduino Boards and Arduino Ecosystem 

> Features of Arduino 


Microcontrollers 


Before we get started with Arduino, we need to understand what a microcontroller is. 
This is because, basically, Arduino is a Micontroller platform. A Microcontroller is a 
small computer on a single Integrated Circuit (IC). It is a complete package with a 
Microprocessor, onboard memory, and programmable Input/Output peripherals. 
Microcontrollers are heavily used in embedded applications. 


AVR Microcontrollers 


AVR is a family of microcontrollers developed by Atmel Corporation. Atmel is America 
based designer and manufacturer of microcontrollers. Atmel began development of 
AVR microcontrollers in the beginning in 1996. AVR microcontrollers are modified 
Harvard architecture 8-bit RISC (Reduced Instruction Set Computer) single-chip 
microcontrollers. 

A special feature of AVR family is that it is one of the first families of micro- 
controllers which has on chip flash memory. Other competing microcontroller families 
at that time (late 90s) had ROM, EPROM, or EEPROM for the program and firmware 
storage. 

The reason we discussed AVR microcontrollers in the last couple of paragraphs is 
that Arduino products prominently use various AVR microcontrollers. 

You can find more information about AVR on http://www.atmel.com/products/ 
microcontrollers/avr/ 
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Other Microcontrollers and Processors used by Arduino boards 


Apart from AVR microcontrollers, a couple of boards from Arduino family (namely 
Arduino Zero and MKR1000) use ARM microcontroller units. ARM is yet another family 
of RISC microprocessors designed and manufactured by ARM. 

Few high end Arduino boards support Linux and they have Qualcomm Atheros 
microprocessors. The examples are Aruino Yun, Arduino Tian, and Arduino Industrial 
101. 

Arduino 101 uses Intel Curie. 


We will get introduced to various Arduino boards and the entire ecosystem in 
detail in this chapter. 


Who can learn Arduino? 


The real power of the arduino platform lies in the fact that it is for everyone. Yes! That 
might sound like an exaggeration. However, it is truly meant for everyone. 


Arduino was originally meant for the students. Its purpose was to provide a low- 
cost and open-source platform and ecosystem to the students to learn electronics and 
programming. As the time passed, the popularity of Arduino grew and it pervaded in 
many areas. 

Today, Arduino is prominently used as the most preferred microcontroller platform 
in Education and academic institutions. It is also extensively used in the embedded 
systems in the areas of Industrial Production, Healthcare, Mining, and Traffic Monitoring. 
It has also found place in active research in the areas of modeling, simulation, and 
Human-Computer Interface. 





Fig. 1.1: High school students working with Arduino for their school project 
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As we have seen, the Arduino Platform was meant for students in the beginning. 
However, now it is actively used by electronics makers, enthusiasts, and hobbyists all 
around the world to make interactive stuff. It is also used by artists. If you are studying 
Computer Science or Electronics, there is pretty good chance that you’ve seen one of 
the Arduino boards in Action. 


We can find more information on the Arduino platform on its website https:// 
www.arduino.cc 


Features of Arduino 


Arduino is the most preferred platform for the makers now-a-days because of the 

following features: 

> Inexpensive — Arduino is inexpensive board. It costs less than the contemporary 
microcontroller trainer platforms. You can even assemble your own Arduino. The 
Arduino clones cost even lesser than the Official Arduino boards. 

» Cross Platform - The official Arduino IDE is supported on Windows, Linux, Mac 
OSX. 

> Open Source Hardware - The diagrams of all the Arduino boards are published 
under Creative Commons License and they are open-source. 

> Open Source Software — Arduino can be programmed with the official Arduino 
IDE and AVR C Programming. 


Arduino Boards and Ecosystem 


Till now, we've learned what microcontroller is and also learned that most of the major 
Arduino boards use AVR microcontrollers. A few also use ARM microprocessors. In this 
section, we will understand what Arduino ecosystem is and have a look at few major 
member boards of the Arduino Ecosystem. 


Arduino has got a very vibrant ecosystem with plethora of products. These boards 
and products are grouped into various categories. Let's have a look at each and every 
category one by one. 

Official Arduino Boards 


Official Arduino boards carry Arduino brand on them. They are directly supported by 
the official Arduino IDE. They are licensed to bear Arduino Logo on them. Also, they 
are manufactured by authorized manufacturers. 


The authorized manufacturers pay a royalty for each board which contributes 
towards keeping Arduino brand running. They sell the boards through the worldwide 
network of authorized distributors so in case of the defective boards, the buyers get 
the replacement and support officially. 


Currently the official manufacturers are: 

1. SmartProjects in Italy (http://www.arduinosrl.it) 
2. Sparkfun in USA (https://www.sparkfun.com) 

3. DogHunter in China (http://www.doghunter.org) 
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We can find the exhaustive list of the official Arduino boards here https:// 
www.arduino.cc/en/Main/Products 

Let’s have a look at few of the most important of them. 

Arduino Uno is the best board for those who are just getting started with Arduino 
platform for the first time. It is the most documented and widely used board. It uses 
ATmega328P microcontroller. Following is an image of Arduino UNO REV 3, 





Fig. 1.2: Arduino UNO REV 3 


Arduino Leonardo is another entry level board which uses ATmega32u4 
microcontroller. The following is an image of Arduino Leonardo with Headers. 
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Fig. 1.3: Arduino Leonardo with Headers 
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Next board in the line is Arduino 101 which has 32-bit Intel Curie microcontroller. The 
following is an image of Arduino 101. 
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Fig. 1.4: Arduino/Genuino 101 


Note: Genuino is a trademark owned by Arduino. 

The Arduino Esplora is an Arduino Leonardo based board with integrated sensors 
and actuators. It uses ATmega32u4 microcontroller. Following image depicts an Arduino 
ESPLORA board. 





Fig. 1.5: Arduino Esplora 


Arduino Micro is the smallest board of the family, used for interactive computing. 
The Micro is based on the ATmega32U4 microcontroller. It features a built-in USB for 
connection with computer. 
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Fig. 1.6: Arduino Micro 


The next member of Arduino family is Arduino Nano. It is a breadboard friendly 
board based on ATmega328. The following is an image of an Arduino Nano. 
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Fig. 1.7: Arduino Nano 


The boards we've seen till now are the board made for the entry level users. Let's 
now see a more advanced line of boards with more functionality. 

Arduino Mega is based on ATmega2560 microcontroller. It gives more I/O pins for 
use. The following is an image of Arduino Mega 2560 Rev 3. 





Fig. 1.8: Arduino Mega 2580 Rev 3 
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Arduino Zero provides 32-bit extension to the platform established by Arduino 
UNO R3. It uses ATSAMD21G18 microcontroller. 





Fig. 1.9: Arduino Zero 


Another board based on ATSAMD21G18 microcontroller is Arduino MO PRO. 





Fig. 1.10: Arduino MO PRO 


Now it’s time to know about a few Linux based boards which are exclusively used 
for loT. The first member is Arduino Yun. It features Atheros AR9331 microprocessor. 
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Fig. 1.11: Arduino Yún 


Arduino Industrial 101 is Arduino Yún designed with small form factor. 
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Fig 1.12: Arduino Industrial 101 


Arduino Tian features a more powerful microprocessor Atheros AR9342 which is 
faster than Atheros 9331. 
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Fig. 1.13: Arduino Tian 


Till now, we have seen the Arduino boards which could be used in the projects. 
Now, we will get introduced to a special category of miniature boards which are used 
for wearable projects and e-textiles. The first member is Lilypad Arduino USB. 
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Fig. 1.14: Lilypad Arduino USB 


Lilypad Arduino Mainboard uses ATmega168V or ATmega328V which are the low 
power versions of ATmega168 or ATmega328. 
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Fig. 1.15: Lilypad Arduino Main Board 


These are the few most prominent original members of Arduino Ecosystem. The 
complete list of all the Arduino products can be found at 


https://www.arduino.cc/en/Main/Products 
Arduino Derivatives 
These products are licensed derivatives of the Official Arduino Boards. They are too 


supported by the official Arduino IDE. These products add innovations to the existing 
designs and cater to particular subset of users. 


The most prominent example is Adafruit Flora. 





Fig. 1.16: Adafruit Flora 


You can find out more about FLORA at https://www.adafruit.com/flora 


Another product is Teensy from PJRC. You can find more details about Teensy at 
https://www.pjrc.com/teensy/ 
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Fig. 1.17: Teensy by PJRC 


Arduino Clones 


Arduino is Open-Source hardware and anyone is free to create his/her own board. 
Arduino was made open-source so that it could be built and tinkered by anyone in the 
world. The boards which fall under the clone work with the official Arduino IDE and 
are manufactured by the manufacturers other than official ones. They do not carry the 
brand name Arduino, however their names are reflective of their Arduino clone status. 
Examples include Freeduino and Sainsmart Boards. 


You can find them at https://www.freeduino.org/ and https://www.sainsmart. 
com/arduino/control-boards/arduino-microcontrollers.html respectively. There are 
many similar clones in the market and most of them are directly compatible with the 
Official Arduino IDE. 

Arduino Counterfeits 


There is a category of Arduino clones and derivatives which bear Arduino logo and 
trademark without permission. These products are known as Arduino counterfeits and 
they are detrimental to the open-source hardware movement. The real danger of buying 
the counterfeit Arduino is that in case of problem, the manufacturer does not replace 
the board. Also counterfeit manufacturers do not pay any royalty for using the Arduino 
brand and logo on their boards. The following link has detailed information about 
Arduino Counterfeit. 


https://www.arduino.cc/en/Products/Counterfeit 
Assembling your own Arduino Uno Board 


You can even assemble your own Arduino compatible on a breadboard. This is the true 
essence of the open-source hardware. The recipe can be found at https:// 
www.arduino.cc/en/Main/Standalone 


Where to Buy Arduino 


We can directly buy Arduino online at https://store.arduino.cc/usa 


If you want to buy from a regional distributor then visit https://www.arduino.cc/ 
en/Main/Buy to know the country-wise contacts of the resellers. 


Summary 


In this chapter, we familiarized ourselves with the Arduino platform and the ecosystem. 
Exercise for this chapter 


Visit all the links mentioned in the chapter and become familiar with Arduino Ecosystem. 


CHAPTER 2 


Getting Started 


In the last chapter, we learned the basic concepts of microcontrollers and AVR 
microcontrollers. We got introduced to the vibrant ecosystem of Arduino platform for 
the makers. We also learned where to purchase the Arduino boards from. 


In this chapter, we are going to get started with hands on Arduino Uno 
programming. We will study the basics of programming in detail in the next chapter. 
However, it is essential to get started on with the basics of setting up the environment 
for the programming at this stage so from the next chapter onwards, we can directly 
try the code examples once we are done with the theoretical part. 


For this chapter, we will need the following hardware components, 

A Windows PC with Internet connection 

An Arduino Uno microcontroller or a compatible clone 

A USB male A to male B cable 

A DC Power supply for Arduino 

9V DC battery, 9V Battery Connector, and 2.1 mm DC barrel jack adapter (male) 
A USB Power Supply 


VV VVV WV 


Let’s have a look at each and every component in detail, 

Arduino Uno 

We are going start with Arduino Uno (or a compatible clone) for our first experience 
with Arduino platform. 


Let’s have a look at the Uno. An Uno or a compatible clone looks like the one 
below, 





Fig. 2.1: Arduino Uno 
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Before we proceed further, we need to know the technical specifications and 
detailed descriptions of the pins on the Arduino Uno board. 
Technical Specifications Arduino Uno Rev 3 
Arduino Uno is based on ATmega328P microcontroller. 

Note: You can find the detailed datasheet of the microcontroller at 

http://www.atmel.com/Images/Atmel-42735-8-bit-AVR-Microcontroller- 
ATmega328-328P Datasheet.pdf 

It has 32 KB of flash memory, 0.5 KB of which is used by bootloader. Bootloader is 
a small program which runs everytime when microcontroller is powered or reset. It 
basically tells the microcontroller what to do next when it is powered on. It is kind of 
primate OS (Operating System) for the microcontroller. The bootloader comes pre- 
loaded on the flash memory of the ATmega328P microcontroller installed on Arduino 
Uno. The detailed discussion about the bootloader is out of the scope for the book. 
However, interested readers can read and learn more to try out different options with 
the bootloader from the following links, 

https://www.arduino.cc/en/Hacking/Bootloader 

https://www.arduino.cc/en/Hacking/MiniBootloader 

Arduino Uno has 2 KB of SRAM (Static RAM) and 1 KB of EEPROM. Clock speed of 
ATmega328P is 16 MHz. The weight of the official Arduino Uno R3 board is 25 grams. 
Pin Description of Arduino Uno Rev 3 


Refer the following figure for the pin numbering and classification, 
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Fig. 2.2: Arduino Pin description diagram 


Let’s discuss the pins of the Arduino Uno Board in detail. In the image above the 
pins are grouped and labeled. Let’s begin from bottom left. 
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The Bottom left pin is not connected to anything and is used as a placeholder. 

The IOREF pin is for providing the logic reference voltage. It is connected to the 5 
volt bus. 

The RESET pin is used to reset the microcontroller by bringing it low. 

Let’s have a look at the Power pins. 

The 3.3V pin provides the regulated power of 3.3V. The maximum current draw is 
50 mA. 

The 5V pin supplies regulated power of 5V. 

The GND pins are the ground pins. 

The Vin pin acts as an internal input pin for externally regulated 9-12V power 
supply for the entire board. If the board is powered by the power jack or USB, this pin 
is used for 5V output. 

Let’s see the Analog input pins of Arduino Uno. These are located in the bottom 
right corner in the image above. There are six analogue pins AO through A5 and they 
are used to read the signals from the analog sensors. Each of these pins has 10 bit 
resolution. It can work with 1024 (210) different values (voltage levels). 

There are fourteen digital I/O pins on the Arduino Uno board. They can be used 
for digital input and digital output based on the mode. They are numbered 0 through 
13. These operate at 5V and can provide or receive 20mA current. If the current received 
or pulled exceeds 40mA for any of these pins, it can permanently damage the board. In 
addition to the Digital I/O function, pins 3, 5, 6, 9, 10, and 11 are used for the 8-bit 
PWM (Pulse Width Modulation) output. 

Of all the digital I/O pins, several pins have specialized functions. 

Serial Communication — Pins 0 (RX) and 1 (TX) are used for Serial communication. 

External Interrupts — Pins 2 and 3 are used for configuring to trigger an external 
interrupt on low value, a rising or falling edge, or a change in value. 

Serial Peripheral Interface - Pins 10 (SS), 11 (MOSI), 12 (MISO), and 13 (SCK) 
support SPI communication using the SPI library. 

Pin 13 has a built-in LED attached to it. When the pin is high, it is ON, when pin is 
low, it is OFF. 

Two-Wire Interface — Analog pins A4 (SDA) and A5 (SLC) are used for TWI 
communication using wire library. 

AREF pin is used to set the reference voltage for the analog input pins AO to AS. 

Note: It would be really interesting to understand the pin mapping between 
Arduino Uno board and ATmega328 microcontroller at the URL https://www.arduino.cc/ 
en/Hacking/PinMapping168 


How to power Arduino Uno 


In this section, we will discuss various ways to power up the Arduino Uno board in 
detail. 
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DC Power 
Fig. 2.3: Positions of USB and DC Power ports 


USB Power V " ‘N 
We can supply 5V power through the USB port. For that 
= em 





we need a USB Power supply. A USB Port of a PC serves 
the purpose. When connected to a PC with this port for 
uploading the program, we do not need to use any other ? has 
power supply. The following image shows a USB A to B 
cable. Usually, the board is supplied with a cable. Fig. 2.4: USBA to B 


We can also use a standalone 5V USB power supply when not connected to PC. 





Fig. 2.5: 5V USB Power Supply 


DC Power Jack 
We can also power the Arduino board through the DC Power jack. 


We can use a9 to 12V DC, 250mA or more, 2.1mm plug, center pin positive power 
adapter. | recommend buying 12V adapter as it will be sufficient for all the power- 
hungry projects. Following is the picture of that, 
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Fig. 2.6: 12V DC power supply 


Alternately we can use a 9V battery with a DC barrel Jack male adapter and battery 
connector. 






Fig. 2.8: Battery connector 


Fig. 2.9: DC Barrel Jack Adapter (male) 


Note: You can find all these power supply accessories at any local electronic store 
or at the online e-stores like Amazon/eBay. 
Arduino IDE installation and setup 


Arduino IDE is the open source Integrated Development Environment which is used for 
uploading programs easily to a variety of Arduino boards, clones, and compatibles. 


You can visit the Arduino website at https://www.arduino.cc/ 
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The free software download is located at https://www.arduino.cc/en/Main/ 
Software 


Choose the option of Windows Installer. Download the executable installable file. 
As of writing of this book, the filename of the downloaded file is arduino-1.8.3- 
windows.exe. When you are downloading, it might be different as the Arduino IDE is 
under continuous development. 


Once download is completed, you can find the setup file in the Downloads 
directory. Double click to execute it. It might ask for the admin credentials. Enter the 
admin credentials and the following window will appear, 





& Arduino Setup: License Agreement = x 


Please review the license agreement before installing Arduino, If you 


accept all terms of the agreement, click I Agree. 





(GNU LESSER GENERAL PUBLIC LICENSE 
Version 3, 29 June 2007 
Copyright (C) 2007 Free Software Foundation, Inc. «http: //fsf.ora/» 


Everyone is permitted to copy and distribute verbatim copies of this license 
document, but changing it is not allowed. 


This version of the GNU Lesser General Public License incorporates the terms 
and conditions of version 3 of the GNU General Public License, supplemented 
by the additional permissions listed below. 














v 
Cancel | Nullsof I Agree 
Fig. 2.10: Arduino License Agreement 
Click | Agree and the Installation Options window will appear. 
e Arduino Setup: Installation Options — X 


MR Check the components you want to install and uncheck the components 
co you don't want to install. Click Next to continue. 






Select components to install: 





Install USB driver 
Create Start Menu shortcut 
Create Desktop shortcut 
Associate .ino files 


Space required: 417. 1MB 


Fig. 2.11: Installation Options 
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Check all the checkboxes and click Next. Then choose the directory where you 
wish the Arduino IDE is to be installed. 


—— 
(eS Arduino Setup: Installation Folder = x 


ee 


B Setup will install Arduino in the following folder. To install in a different 
folder, click Browse and select another folder. Click Install to start the 
installation. 


Destination Folder 


C: Program Files (x85) Arduino} Browse... 





Space required: 417. 1MB 
Space available: 169. 7GB 


Cancel « Back 


Fig. 2.12: Installation Options 











Click Install and installation will commence. 


eo Arduino Setup: Installing — 


MA Extract: deploy.jar 
a =i 









































Fig. 2.13: Installation in Progress 


When installation is in progress, you will be prompted as follows, 


Getting Started 








rc 


Ez] Windows Security x 


Would you like to install this device software? 


Name: Linino Ports (COM & LPT) 
GSH Publisher: Arduino srl 


M] Always trust software from "Arduino srl", Install | f Don't Install | 


(UJ You should only install driver software from publishers you trust. How can | 
decide which device software is safe to install? 








Fig. 2.14: Prompt for Linino Ports Device driver installation 


Check the checkbox and click Install button. 
Once the installation finishes, click Close. 


Arduino IDE is now installed on your PC. You can now find the Arduino IDE Icon on 


desktop. Double click the icon and the following splash screen will appear, 


Genuino 


ARDUINO 











AN OPEN PROJECT WRITTEN, DEBUGGED, 

AND SUPPORTED BY ARDUINO.CC AND i 0 7 es A 

THE ARDUINO COMMUNITY WORLOWIDE NJ ~~ LAG. $ N PY 
E 

LEARN MORE ABOUT THE CONTRIBUTORS f 

OF AOINE on arduino.cc/credits 


Starting... 








Fig. 2.15: Arduino IDE splash screen 


Then, after few moments, the splash screen will disappear and The Arduino IDE 


will be displayed on the screen as follows, 
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Fig. 2.16: Code Editor Window 


On the left hand side, below the menubar, we find the shortcuts for the most 


used menu options. 





Fig. 2.17: Short-cut Menu 


Let’s go through the icons, starting from left 
hand side. 
1. The first option is Verify/Compile. 
2. Thesecond option is Upload. This uploads the 
code to the Arduino board connected to PC. 
3. The third option creates and opens a new 
sketch (the Arduino code file) for editing. 
4. The fourth and fifth options are Open and 
Save respectively. 
We will use all these options from the next 
chapter onwards. 
Now click the File from menu and then click 
Preferences. 


Check the verbosity options for Compilation 
and Upload as highlighted in the image below, 


e sketch aug21a | Arduino 1.8.3 
File Edit Sketch Tools Help 


New Ctrl- N 

Open... Ctrl- O 

Open Recent ? 
Sketchbook ? 
Examples ? 
Close Ctrl-W 

Save Ctrl-S 

Save As... Ctrl+Shift+S 


Page Setup  Ctrl+Shift+P 
Print Ctrl+P 


Preferences Ctrl+Comma 


Quit Ctrl- Q 


Fig. 2.18: Invoking Preferences 


Getting Started 








Preferences 
Settings Network 
Sketchbook location: 
C: Users Ashwin Documents Arduino 
Editor language: System Default 


Editor font size: 12 


w | (requires restart of Arduino) 


Interface scale: E Automatic | 100 $>% (requires restart of Arduino) 
son ete entero none El 
Compiler warnings: None wv 

E] Display line numbers 

[C] Ensble Code Folding 

EZ] Verify code after upload 

[C] Use external editor 

[7] Aggressively cache compled core 

[7] Check for updates on startup 

Ez] Update sketch fies to new extension on save (.pde -> .ino) 
[7] Save when verifying or uploading 
Additonal Boards Manager URLs: 


C: Users Ashwin AppData local Arduino 15 preferences. txt 








Fig. 2.19: Setting up preferences 


Congrats! We are now ready for getting started with Arduino Programming. From 


the next chapter, we will start with small snippets of the code using Arduino Uno. 
Summary 


In this chapter, we familiarized ourselves with the Arduino Uno board and the 
Programming environment. We also set up the Arduino IDE for programming the board. 


Exercise for this Chapter 


Visit all the links mentioned in the chapter and become familiar with Arduino Uno 


Board and the microcontroller chip. 


CHAPTER 3 


Writing Programs for Arduino 


In the last chapter, we got introduced to the Arduino IDE. We learned how to install it 
ona Microsoft Windows PC and also saw different parts of it. We also configured it as 
per our own programming needs. From this chapter onwards, we will start programming 
with an Arduino board and IDE. The exercises were very light in the earlier chapters. 
However, from this chapter onwards, we will also have more, extensive, and practical 
exercises for all the concepts we will learn throughout the chapter. 

For this chapter, the list of hardware components needed is same as the previous 
chapter, 

A Windows PC with Internet connection 

An Arduino Uno microcontroller or a compatible clone 

A USB male A to male B cable 

A DC Power supply for Arduino 

9V DC battery, 9V Battery Connector, and 2.1 mm DC barrel jack adapter (male) 
> A USB Power Supply 

In the last chapter, we had a very brief introduction to all the components mentioned 
above. In this chapter, we will learn how to use these in detail. 


Our Very First Arduino Program 


Let’s work with our very first Arduino program. Connect the Arduino Uno or 
compatible clone to the PC with the USB cable supplied with it. Refer the image below. 


VVV VV 





Fig. 3.1: Arduino Uno clone connected to my laptop with USB cable 
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Once connected and when the PC/Laptop is powered on, the power LED on the 
Arduino Uno board will glow indicating that the board is in ON state. Now, it is the time 
to verify whether the Windows OS identifies and recognizes the board. Go to the Control 
Panel and then open the Device Manager window. Please refer the image below, 





_ a x 


A, Device Manager 
File Action View Help 
da c "|H 
Ll Keyboards 
fJ Mice and other pointing devices 
GS Monitors 
v. E Network adapters 
@ Npcap Loopback Adapter 
C? Qualcomm Atheros AR9287 Wireless Network Adapter 
Realtek PCle GBE Family Controller 
ØF WAN Miniport (IKEv2) 
E NAN Miniport (IP) 
@ WAN Miniport (IPv) 
@ WAN Miniport (L2TP) 
@ WAN Minipert (Network Monitor) 
G? WAN Miniport (PPPOE) 
69 WAN Miniport (PPTP) 
@ WAN Miniport (SSTP) 
v K^ Other devices 
Ba PCI Simple Communications Controller 
v Ports (COM & LPT 


Arduino Uno (COM3) 


M Communications Port (COM1) 












TX Print queues 
[I Processors 
RB Software devices 
& Sound, video and game controllers 
£g Storage controllers 
v 


Ben Cuctam devirwe 


Fig. 3.2: Device Manager Screen in Windows Control Panel 


Check the Ports (COM and LPT) section in the device manager. This way we can 
know what port the Arduino board is connected to. In my case it is COM. It is highlighted 
in the image above. It could be different in your computer. 

With all this preparation, we are now ready to start programming for Arduino. 
Well! Let’s first get started with understanding the very structure and style of Arduino 
programs. An Arduino program is called sketch. In the Arduino community the terms 
program, code, and sketch are used interchangeably. A sketch file is saved with .ino 
extension. 

With Arduino connected to the PC, open the Arduino IDE either from the Windows 
Menu or double clicking the desktop icon. The following window will open, 
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EÐ sketch sep02a | Arduino 1.8.3 = LH x 


File Edit Sketch Tools Help 


00 HEE 


sketch sep02a 





/ put your setup code here, to run once: 











Arduino/Genuino Uno on COMS3 





Fig. 3.3: An Arduino sketch 


When we open Arduino IDE, it opens a blank sketch ready to be programmed. 
Let's try some programming. 

Arduino IDE comes with a large number of example sketches. They could be found 
under the Examples option in the File menu. We will begin programming with very 
basic sketch. It is similar to Hello World! program in conventional programming. Go to 
File menu. Click Examples -» Basics -» Blink. It will open an example program Blink.ino 
as follows, 


// the setup function runs once when you press reset or power the 
board 
void setup() { 
// initialize digital pin LED_BUILTIN as an output. 
pinMode (LED BUILTIN, OUTPUT); 











} 


// the loop function runs over and over again forever 
void loop() { 
digitalWrite(LED BUILTIN, HIGH); // turn the LED on (HIGH 
is the voltage level) 
delay(1000); // wait for a second 
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digitalWrite(LED_BUILTIN, LOW); // turn the LED off by making 
the voltage LOW 
delay(1000); // wait for a second 








We know that Pin 13 of Arduino UNO board is connected to a built-in LED. The 
sketch above makes that LED blink repeatedly. Let’s understand how this sketch works. 

The double slash (//) stands for the beginning of the single line comment. The 
code enclosed by setup() is executed once. And the code enclosed by loop() is executed 
repeatedly once setup() is run. 


In setup(), pinMode() is used to set the mode of the pin mentioned. We can 
configure a pin either as an input or an output. The first argument to this is the number 
of pin to be configured. On the UNO, MEGA and ZERO it is attached to digital pin 13, on 
MKR1000 it is attached to digital pin 6. LED BUILTIN is set to the correct LED pin 
independent of which board is used. 

In loop(), digitalWrite() writes HIGH (5V or 3.3V, 5V for Arduino Uno) or LOW (OV) 
on the specified output pin. delay() pauses the program for specified amount of 
milliseconds. 


To summarize the program above, in setup(), we are initiating the pin 13 to 
OUTPUT mode. In loop(), we are turning the pin 13 LED on and off alternatively with 
the delay of a second between each action. 


Let's see how to compile and upload this code to the Uno board we have. 


Go to Tools Menu and click Boards option. Then select Arduino/Genuino Uno. 
Refer the image below, 


File Edit Sketch Tools Help 


[v] (+) D| 4 Auto Format Ctrl+T 
Archive Sketch 
Blink Fix Encoding & Reload 


Senal Monitor Ctri« Shift- M 
Serial Plotter Ctrl Shift+L 


WiFi101 Firmware Updater 


Board: "Arduino/Genuino Uno* 

Port: "COM3 (Arduino/Genuino Uno)" 1 Boards Manager... 

Get Board Info Arduino AVR Board 
Arduino Yün 

“| ® Arduinc/Genuino Uno 


Arduino Duemilanove or Diecimila 


Programmer: "AVRISP mkll" 


Burn Bootloader 


Arduino Nano 


Fig. 3.4: Selecting the correct board for uploading sketch 


We already know how to verify the COM port Arduino is connected to through the 
Device Manager in Windows Control Panel. We can verify this from within the Arduino 
IDE itself. Click Tools and then Port. It should show the same port as we saw in the 
Device Manager. 
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File Edit Sketch Tools Help 
"I^ Im | Auto Format 
Archive Sketch 
Blink 


Fix Encoding & Reload 


Serial Monitor Ctrl+ Shift- M 

Serial Plotter Ctrl«Shift«L 

WiFi101 Firmware Updater 

Board: "Arduino/Genuino Uno" ? 

Port: "COM3 (Arduino/Genuino Uno)" ; Serial ports 


Get Board Info 


Programmer: “AVRISP mkil” 


COMI 
| Y COM3 (Arduino/Genuino Uno) 


Burn Bootloader 


Fig. 3.5: Selecting the correct port 





Once we select the correct board and 
verify the port, we can compile the sketch. 
These two steps are mandatory for the sketch 


Board Info x 


BN: Arduino/Genuino Uno 


VID: 2341 
to be uploaded correctly to any board. So, if we PID: 0043 
are using different board, we can select the SN: 95431353438351C0B051 


appropriate board from the Tools -> Board 
menu option. Additionally, we can click Tools - 
> Get Board Info menu option to see the board 
information. 


Fig. 3.6: The board information 











With all the check done we can compile the code with Sketch -> Compile menu 
option. Remember that in the last chapter, we enabled the verbosity during the Compile 
and Upload operations. The bottom part of the IDE is the console output for Compile 
and Upload operations. If the compile is success then it should show the following 
message, 





Fig. 3.7: Compilation Success Message 


Now, we can upload the sketch. Use Sketch -> Upload menu option to upload the 
sketch to the board. The success message appears as follows, 
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Fig. 3.8: Upload Success Message 


Once the sketch is uploaded to the board, the LED connected to pin 13 will start 
blinking continuously. As we learned earlier, the code in loop() section runs repeatedly 
as long as the board is powered on. 


Alternate Ways of Powering Arduino 


The Arduino board is automatically powered when connected to computer by USB. 
There are other ways of powering up the board too. Let’s have a look at them too. 
USB Power 

We can power up Arduino through USB power. For that we either need a USB power 
bank or a USB Power Plug. Following is an example of Arduino connected to the USB 
power plug, 





Fig. 3.9: USB Plug 


DC Power Jack 

We can either use a DC power supply or a battery to power Arduino through the DC 
power jack. The following is an image of an Uno board powered through the DC power 
jack using batteries, 
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Fig. 3.10: Using BC Power Jack 


Power Pins 


We can directly use the 9V battery to Power Uno by attaching the + terminal to Vin pin 
and — terminal to GND pin. The following schematics represents that, 


Arduino Uno R3 


Arduino 
Uno 


(Rev3) 





Fig. 3.11: Using Power Pins and 8V battery 
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C Programming for Arduino 


The Arduino IDE uses a specialized implementation of C language for programming 
the Arduino boards. It is similar to the regular implementation of C language. There 
are libraries and functionalities for making it work with Arduino boards, derivatives, 
and compatibles. We will explore many of the libraries and the various added 
functionalities in the subsequent chapters in the book. 


Arduino C Data Types 


As of now just let’s have a look at the various data types available in the C 
implementation for the Arduino. 























Type Byte Length Range of values 
boolean 1 true / false 
char 1 -128 to +127 
unsigned char 1 Oto 255 
byte 1 Oto 255 
int 2 —32,768 to 32,767 
unsigned int 2 Oto 65,535 
word 2 Oto 65,535 
long 4 -2,147,483,648 to 2,147,483,647 
unsigned long 4 Oto 4,294,967,295 
float 4 —3.4028235E438 to 3.4028235E+38 
double 4 —3.4028235E438 to 3.4028235E+38 
string ? A null terminated reference data type 
String ? An reference data type object 
array ? A sequence of a value type 
void 0 A descriptor used with functions when 
they return nothing 
Summary 


In this chapter, we familiarized ourselves with the basics of Arduino Programming. We 
will explore Arduino programming more from the next chapter onwards. 
Exercises for this Chapter 

Following are the exercises for this chapter. 

1. Power up the Arduino by all the possible methods mentioned in the chapter. 

2. Modify the example blink program so that the time for blink is 500 milliseconds. 


CHAPTER 4 


LED Programming 


The previous chapter got us started with Arduino Programming. We also saw important 
data types in Arduino C. This chapter will take us a bit further on the journey of Arduino 
Programming. In this chapter, we will get started with the basic knowledge of Electronic 
components. Then we will proceed towards making simple yet interesting electronic 
circuits and programming them. We will be learning to make the following circuits, 

> = SOS circuit 

» Alternate blink circuit 

> LED Chaser circuits 


Let's get introduced to the new electronic components. 
Breadboards 


Breadboards or solderless breadboards are the platforms used for the prototyping of 
electronic circuits. If we have a breadboard and appropriate electronic components 
then we can make the prototypes of the electronic circuits without electrical wires, 
PCBs, and soldering. Breadboards serve as an excellent platform for the beginners and 
the veterans alike. Let's have a look at various breadboards and their uses. 


The following is an image of a breadboard, 








Fig. 4.1: Breadboard 


Breadboard socket consists of a block of plastic with many spring clips held under 
the perforations. The clips are known as tie points or contact points. Contact points are 
used to hold and electrically connect the components. The contact points are arranged 
in the blocks of strips. 


In the image above, there are strips marked with + and — signs. They are known as 
power strips. All the contact points in a row is a block ofthe terminal strip are electrically 
connected. Power strips are usually connected to the power sources and provide power 
to the electrical components mounted on the breadboard. 
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The other types of blocks are known as the terminal strip blocks. In the image 
above, there are two blocks of terminal strips separated by a groove. The groove acts 
as a passage for airflow for the integrated circuits (ICs) mounted on the breadboard. 
Contact points of the terminal strips are used to hold the electrical components and 
connect them electrically. Unlike the power strips, the contacts points in a column of a 
terminal strip are electrically connected. In the image above, we can see the contact 
points labeled from A to J row-wise and from 0 to 60 column-wise. The group of contact 
points AO, BO, CO, DO, and EO is electrically connected. Thus the contact points in terminal 
strip are arranged in groups of 5. 

The above is often called as the full sized breadboard. There is other variant too. 
It is called as 400 point breadboard. The following is an image of a 400 point breadboard, 
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Fig. 4.2: 400 point Breadboard 


Electrically this is similar to it bigger cousin. The following PCB corresponds to the 
electrical connections corresponding to a 400 point breadboard, 


mw 


TEPER RT 
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Breadboard PCB 33.438 
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Fig. 4.3: Electrical connections on a 400 point Breadboard 
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The above breadboards are used in electronics prototyping frequently. There is a 
smaller version of breadboard which can be used in small places where space is limited, 
for example, the circuitry for a wheeled educational robot. Following is an image of 
this mini-breadboard (also known as breadboard without power strips), 





Fig. 4.4: Mini-breadboard 


Also, all the above breadboards have a common feature. The have a self-adhesive 
strip in their rear side so that they can be placed securely when needed. However, 
once placed, it is difficult to remove the breadboard. So, use this feature wisely. 


Jumper wires 


We have seen breadboards. We know that the contact points are arranged in the groups 
and all the contact points within a group are electrically connected. We can connect 
two contact points which belong to different groups by a wire. However, connecting 
them with a wire is a tedious task as we need to find right wire, cut it, and then we 
need to peel the insulation off from its ends. There is a simple alternative to that. It is 
known as jumper cables. Following is an image of group of male-to-male jumper cables, 





Fig. 4.5: Male-to-male jumper cables 
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The following is a female-to-female jumper cable, 


Fig. 4.6: Female-to-female jumper cable 


The following is a male-to-female jumper strip. The cables can be separated from 
the strip and used individually. 





Fig. 4.7: Male-to-female jumper strip 


Resistors 


Resistors offer resistance to the current. They are often used to limit the amount of 
current flow or to divide the voltage. In this chapter, we will use the resistor for dividing 
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the voltage. In this chapter, we will use axial-lead resistors which are suitable for use 
with the breadboards. The following image shows the photograph of a resistor and the 
electrical symbol for resistor, 


Fig. 4.8: Resistor and symbol for resistor 


Cae 


=> 


SS 


The resistance of a resistor is color coded on it. In this chapter, we will use all the 
470 ohm resistors. 


LED 


LED means Light emitting diodes. A diode is an electrical component which allows the 
current to flow only one way. Light emitting diodes glow when current flows through 
them. The following is an image of a bunch of LEDs and the symbol for a LED, 


E 
| m 77 Cathode 
WW/ LA 


Fig. 4.9: LEDs and electrical symbol for LED 





LEDs can emit light of different colors depending on the material they are made 
of. The have two leads. The longer lead is known as Anode and the smaller lead is 
known as Cathode. Anode is to be connected to + terminal and cathode must be 
connected to — ground terminal in a circuit for the current to flow from a LED. 


Our very first Arduino Circuit 


In the last chapter, we saw an Arduino C program and if you have whole-heartedly 
completed the exercise then we can also say that we have made few minor changes to 
that program. Following is the original program, 
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// the setup function runs once when you press reset or power the 
board 
void setup() { 
// initialize digital pin LED_BUILTIN as an output. 
pinMode(LED_BUILTIN, OUTPUT); 





} 


// the loop function runs over and over again forever 
void loop() { 

digitalWrite(LED_BUILTIN, HIGH);// turn the LED on (HIGH is 
the voltage level) 
delay (1000); // wait for a second 
digitalWrite(LED_BUILTIN, LOW); // turn the LED off by making 

the voltage LOW 

delay (1000); // wait for a second 




















We know that it is used to continuously blink the built-in LED. We can make an 
external LED blink using the same program. The following is the close-up photograph 
of the circuit | made for it, 





Fig. 4.10: LED Blink circuit 


Now, it very difficult to understand how to build the circuit using the photograph. 
So, we will use circuit diagrams for illustrating the circuits. | use open-source software 
known as Fritzing to draw the circuit diagram. We will see the breadboard circuit 
diagram and the schematics of the circuit. Following is the breadboard view of the 
circuit, 
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Fig. 4.11: Breadboard View of the circuit 


We are connecting the anode of the LED to Pin 13 of Uno board. We are also 
connecting the cathode to one of the GND pins of Uno through a 470 ohm resistor. The 
following is schematics, 


LED2 
Red (633nm) 
8" 


Fig. 4.12: Schematics 








When we prepare the circuit and power up the Arduino Uno board, then the LED 
starts blinking. 
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Morse Code SOS 


Morse code consists of dots and dashes. It is one of the simplest encoding techniques 
used for communication. Characters are encoded with dots and dashes. Morse code 
can be transmitted over many mediums like audio, electrical pulse, and optical medium. 
We will use the same LED circuit built for the previous demo for this. We will blink the 
LED to represent dashes and dots. The blink for long duration means the dash. And the 
blink for short duration is a dot. Following is the code for the same, 


int led = 13; 
void setup() // run once, when the sketch starts 


{ 





pinMode(led, OUTPUT); // sets the digital pin as output 
} 
void loop() 
{ 

// Morse for S 

flash(200); 

flash(200); 

flash(200); 

delay (300) 


, 


// Morse for O 
flash(500); 
flash(500); 
flash(500); 


// Morse for S 
flash(200); 

flash(200); 
flash(200); 
delay(1000); 





n 
n 


} 

void flash(int duration) 

{ 
digitalWrite(led, HIGH); 
delay (duration); 
digitalWrite(led, LOW); 
delay (duration); 








The Morse code for the character S is three consecutive dots. And the Morse code 
for the character O is three consecutive dashes. We have written the code for SOS 
message. It is an internationally agreed upon signal which indicates distress. If one is 
caught in an emergency and potentially life threatening situation and want to send a 
distress signal over radio, audio, or visual medium, then (s)he can send sequence of 
three dots followed by three dashes and three dots again. 
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Let’s have a look at the code in detail. We are writing a custom function flash() for 
creating dashes and dots. It accepts the duration as an argument and keeps the LED 
connected to pin 13 ON for the duration. The amount of duration the LED is ON 
determines if it is dot or dash. | am using 200 milliseconds for dot and 500 milliseconds 
for dash. In the loop(), flash() is repeatedly called to create SOS message. There is delay 
of 1 second between two messages. Also there is a gap of 300 milliseconds between 
first S and O signal so that the characters can be distinguished easily. When powered 
up, the LED will flash to send SOS message visually. 


Alternate Blink Circuit and Program 


In the last example, we built the circuit and customized the code. For this example, we 
will extend the earlier example. Modify the earlier circuit as follows, 











Fig. 4.13: Modified blink circuit 


Here we are connecting an addition LED to Pin 12 of Uno through a 470 ohm 
resistor. Following is the schematics of the circuit above, 


Fig. 4.14: Alternate Blink Schematics 
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Now, we want the LED to blink alternatively. This means that when a LED is ON 
then the other should be OFF and vice versa. We need to modify the code for this. 
Following is the code, 


int ledl = 13; 
int led2 = 12; 





void setup () 

{ 
pinMode (led1, OUTPUT); 
pinMode(led2, OUTPUT); 














} 


void loop() 

{ 
// Turn on the ledl, turn off led2 
digitalWrite(ledl, HIGH); 
digitalWrite(led2, LOW); 
delay(1000); 
// Turn on the led2, turn off ledl 
digitalWrite(ledl, LOW); 
digitalWrite(led2, HIGH); 
delay(1000); 


























In the code above, we are configuring Pin 12 and 13 as output. Then in loop(), we 
are alternatively turning them ON and OFF. Once we power up the Uno board, then we 
can see the lights blinking or flashing alternatively. 


We can also use more sophisticated code to realize the output of the code above. 
Have a look at the program below, 


long counter; 
int ledl, led2; 


void setup () 

{ 
pinMode(12, OUTPUT); 
pinMode(13, OUTPUT); 
counter = 0; 


} 


void loop() 
{ 
if (counter $ 2 == 0) 
{ 
reat = 13; 


led2 12; 
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else 


ledi = 12; 
led2 = 13; 





digitalWrite(ledl, HIGH); 
digitalWrite(led2, LOW); 
delay(1000); 

counter = counter + 1; 





In the program, above the setup() is same as earlier example. Additionally, we 
are initializer a count variable counter to O. In the loop() section, based on the current 
value of the modulus of counter, we are deciding which LED to turn ON and which one 
to turn OFF. Finally, we are incrementing the counter. The output is same as the previous 
example; the LEDs blinkalternatively. But here we demonstrated more complex features 
of Arduino C programming. We will proceed like this throughout the entire book adding 
more and more complexity to the code and circuits on the incremental basis. 


LED Chaser example 


Let's make the earlier example more interesting (and hence more complex)! Add few 
more LEDs and resistors to the circuit to make it as follows, 





Fig. 4.15: LED chaser circuit 


We are using 13 LEDs here. All the digital I/O lines are occupied this way. Let's 
have some fun with them. Have a look at the program below, 


int counter; 
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void setup () 

{ 
counter = 14; 
for(int i=0; i<counter; i++) 
pinMode(i, OUTPUT); 

} 


void loop () 

{ 
for(int i=0; i<counter; i++) 
flash(i, 20); 

} 


void flash(int led, int duration) 


{ 





digitalWrite(led, HIGH); 
delay (duration); 
digitalWrite(led, LOW); 
delay (duration); 








This is our very first example using for loop in Arduino C programming. In setup(), 
we are configuring all the LEDs as outputs one by one. We have modified the flash() 
function from SOS example to accept the LED number as an argument. It still plays the 
same role of blinking a LED for given duration. In loop(), we are using for loop to blink 
each LED once. Thus, at any given instance only a single LED will blink. All the LEDs will 
blink one after another in the visual series creating a chaser effect. 


Now, the circuit that we built is a multi-purpose circuit and it can be programmed to 
create variety of effect based on the timing when individual LEDs blink. Next few 
programs will demonstrate this versatility of the circuit we built. 


long counter; 


void setup() 

{ 
counter = 14; 
for(int i=0; i<counter; i++) 
pinMode(i, OUTPUT); 

} 


void loop() 
{ 
for(int i=0; i<counter; i++) 
{ 
flash(i, 40); 
if (i<counter) 
flash(i-1,20); 
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} 


void flash(int led, int duration) 


{ 








digitalWrite(led, HIGH); 
delay (duration); 
digitalWrite(led, LOW); 
delay (duration); 





We just modified the earlier example and in the each iteration of for loop we are 
flashing two adjacent LEDs one after another. 


Let’s make it more interesting and flash 3 LEDs consecutively in each iteration. 
We just need to change the loop() in program above to as follows, 


void loop() 
{ 

for(int i20; i<counter; i++) 

{ 
lash(i, 40); 
f(i«counter) 
lash(i-1,20); 
lash(i-2,10) 


, 





Fh Fh FB: Fh 


Till now, we experienced only one way chaser effect. Now, we will experience the 
chaser effect in both directions. Following program will have a single chaser visually 
traverse all the LEDs in both the directions, 


int counter, led; 


void setup() 

{ 
counter = 14; 
for(int i20; i<counter; i++) 
pinMode(i, OUTPUT); 

} 


void loop() 
{ 
led=0; 
for(int i20; i<27; i++) 


{ 





flash(led, 20); 
if (i<counter-1) 
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led++; 
else 
led-; 


} 


void flash(int led, int duration) 


{ 





digitalWrite(led, HIGH); 
delay (duration); 
digitalWrite(led, LOW); 
delay (duration); 

















Finally, to simulate two chasers always travelling in opposite direction, write the 
following code, 


int counter; 


void setup () 

{ 
counter = 14; 
for(int i=0; i<counter; i++) 
pinMode(i, OUTPUT); 

} 


void loop() 
{ 
for(int i=0; i<counter; i++) 
{ 
dualflash(i, 13-i, 20); 





} 


void dualflash(int ledl, int led2, int duration) 
{ 





digitalWrite(ledl, HIGH); 
digitalWrite(led2, HIGH); 
delay (duration); 
digitalWrite(ledl, LOW); 
digitalWrite(led2, LOW); 
delay (duration); 

















So far, we have implemented five programs for the chaser. | have implemented 
more ideas for chaser circuits. | am adding them as the part of the exercise section of 
this book. 
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Summary 


In this chapter, we learned about the basic electronic components like breadboards, 
LEDs, and jumpers. We also learned to create few interesting circuits and program 
them with Arduino C. For more understanding on this chapter, please finish the exercise 
listed in the next section. 


Inthe next chapter, we will understand how to handle digital and analogue inputs. 
We will also explore few more functions in the Arduino C library. We will extend existing 
projects by introducing inputs to them and explore few new projects which will make 
use of the new concepts. 


Exercises for this Chapter 


Following are the exercises for this chapter. Please complete them to expand your 
understanding about the concepts learned in this chapter. | have included hints for a 
few of them. 

1. Change the duration of the dots and dashes in SOS program. 


2. For the chaser circuit, write a program (or rather make a changes in the existing 
program), which will make all the LEDs blink at the same time. (HINT: Use two 
separate for loops in loop() section.) 

3. Modify the durations of all the chaser code examples to see the effect on the 
circuit. 

4. Ifyou have noticed, in the second and the third programs for the chaser circuit, 
for the first few iterations we are sending negative values to digitalWrite() function 
in for loop. Usually it does not cause any problem. However, in the worst case it 
can turn ON a random LED connected to digital I/O pins. We can handle this 
scenario by adding if((i-1)>0) and if((i-2)>0) to the code. Add these conditions to 
the code to ensure no negative value is passed to digitalWrite() function. 

5. Try to arrange the LEDs in the circuit for chaser programs in circular fashion on the 
breadboard. 


6. If you are comfortable with PCBs (Printed Circuit Boards) then try to create your 
own PCB for the chaser circuit. 


CHAPTER 5 


Programming with Push Buttons 


In the last chapter, we learned how to use LEDs to create few interesting circuits. We 
also created and programmed an amazing circuit — the LED chaser circuit. 

This short chapter is dedicated to an important electronic component — the push 
button. In this chapter, we will learn the basics of the push button. Then we will combine 
newly learned knowledge and concepts with those in the previous chapter and create 
few projects. 


Push Buttons 
All of us are familiar with the electric switches. Switches are the electrical components 
(or rather devices) which can turn the supply of electric current ON and OFF toa circuit. 
It means it opens or closes an electric circuit. Push buttons are special type of switches 
which fall under the category of Momentary Switches. This means that they close the 
circuit only when they are pushed. 

Following is an image of few breadboard friendly push buttons, 
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1 
As we can see, the above push buttons have four legs (or contact points) for the 
ease of use with the breadboard. You must be wondering why there are four contact 





Fig. 5.1: Push buttons 
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points instead of two like regular switches. The following electric symbol for the 
breadboard push button speaks for itself and answers the question, 


| 7 





Fig. 5.2: Electrical Symbol for the push-button 


The following image depicts the push-button mounted on a breadboard, 
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Fig. 5.3: Push-button on a breadboard 


| have highlighted the electrically connected contact points with same colors. A 
push button, when not pressed (open state), connects the group of contact points in a 
row on the both sides of the central groove of the breadboard. In the image above, the 
connected points are marked with the same color. When we press the push-button, it 
connects all the points connected to its legs and closes the circuit. 
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We can directly connect a push button between a LED and the current source. It 
will be straight-forward yet interesting exercise. However, it’s not very clever or efficient 
way to use a push button when we have an Arduino. In this chapter, we will focus on 
programmability of the Arduino to use push-buttons. We will create a couple of simple 
yet interesting circuits based on the push-button, LEDs, and Arduino. So, let’s get started. 


Concept of Pull Up Resistor 


In order to use the push-button as an input device, we need to connect it to one of the 
programmable pin of the Uno board. However, there is a problem associated with this. 
If there is nothing else connected to the push-button and the digital I/O pin of Arduino, 
there is no way to determine whether the signal is HIGH or LOW. This is known as 
floating and is referred to unknown state. There are a couple of techniques to prevent 
this. We will have a look at one of the most commonly used techniques. It is called as 
Pull-Up resistor. Pull up resistor is a high value resistor (I am using 10K for our 
experiments). Its one end is connected to the 5V supply and the other end is connected 
to the push button and to Arduino digital I/O pin. The circuit diagram is as follows, 
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Fig. 5.4: Push button as an input 


The following is the circuit schematics for that, 
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Fig. 5.5: Circuit schematics for Push button as an input 


Assemble the above circuit. When the push button is in open state (not pressed), 
the digital pin receives a constant yet very small amount of current and its state is 
HIGH. When we push the button, the current takes the path of least resistance and 
flows to the ground through GND pin. Thus the digital pin is LOW. So, this is how we 
can detect a keypress. 


The circuit is the hardware component. We need to program it with IDE. Let’s see 
a couple of ways we can program it. Consider the following simple program, 


// Program Constants 
const int buttonPin = 12; 
const int ledPin = 13; 


// Variables 
int buttonState = 0; 


void setup() 
{ 
pinMode(ledPin, OUTPUT); 
pinMode(buttonPin, INPUT PULLUP); 
} 


void loop() 
{ 
// Read button state 
buttonState = digitalRead(buttonPin) ; 


// If button is pressed... 
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if (buttonState == LOW) 
digitalWrite(ledPin, HIGH); 
else 
digitalWrite(ledPin, LOW); 








delay(100); 


In the program above, we’re using the built-in LED connected to digital pin 13 of 
the Uno board. In the setup() section, we are configuring Pin 12 as INPUT_PULLUP. In 
the loop() section, digitalRead() is used to detect whether an input pin is HIGH or LOW. 
As we know the logic of detecting the keypress is inverted because when pushbutton is 
pressed, the pin is LOW. The if statement is used to detect the keypress and to change 
the state of LED. The LED glows as long as the button is pressed. 


Now, we can modify this code such that the LED will persist its state till the next 
keypress occurs. This means that if the LED is glowing and you push and release the 
button then the LED will be OFF. Also when LED is OFF and we again push and release 
the button the LED will be ON again. We just need to make small changes to the code 
as follows, 


// Program Constants 
const int buttonPin = 12; 
const int ledPin = 13; 


// Nariables 
int buttonState - 0; 
int status = 0; 


void setup() 
{ 
pinMode(ledPin, OUTPUT); 
pinMode(buttonPin, INPUT PULLUP); 
} 


void loop() 
{ 
// Read button state 
buttonState = digitalRead(buttonPin) ; 


// If button is pressed... 
if (buttonState -- LOW) 
{ 


// Check if the LED is OFF 
if ( status == 0) 
{ 





digitalWrite(ledPin, HIGH); 
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status = 1; 

} 

else if ( status == 1) 

{ 
digitalWrite(ledPin, LOW); 
status = 0; 





} 
delay (200); 


In the code above, we just added a status variable to store the state of the circuit. 
The status variable is inverted every time we press the pushbutton and based on the 
status variable we change the LED's state. 

These were the simplest use cases of the push button. Let's have a look at a couple 
of more complex examples of the use cases of the push button. 


Traffic Light 


Let's create a simple traffic light system with the push-button, LEDs, and resistors. 
Following is the circuit, 














Fig. 5.6: A traffic light system 


In the circuit above, the resistor used with the button is a 10K resistor. The resistors 
used with traffic lights LEDs are 470 Ohm resistors. We are connecting the push-button 
to digital pin 13. | am connecting Red, Yellow (an orange/amber color would also do), 
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and Green LEDs with the pins 12, 11, and 10 respectively. This completes the circuit. 


Let’s have a look at the working of the traffic light in real life. Following is the 
convention used in UK and most of the former UK colonies, 


>  Red-stop immediately 

> Red and Yellow — stop, soon it will turn green 
>  Green- go 

> Yellow — stop unless it is not safe to do so 
Let's write the code for the same, 

int red = 12; 

int yellow = 11; 

int green - 10; 


int button = 13; 


int buttonState - 0; 
int state = 0; 





void setup() 

{ 
pinMode (red, OUTPUT); 
pinMode(yellow, OUTPUT); 
pinMode(green, OUTPUT); 


pinMode(button, INPUT PULLUP); 
} 


void loop() 


{ 
buttonState = digitalRead (button); 


if (buttonState--LOW) 
{ 
if (state == 0) 
{ 
LightsOn(HIGH, LOW, LOW); 
state = 1; 
} 
else if (state == 1) 
{ 
LightsOn(HIGH, HIGH, LOW); 
state = 2; 
} 
else if (state == 2) 
{ 
LightsOn(LOW, LOW, HIGH); 
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state = 3; 

} 

else if (state == 3) 

{ 
LightsOn(LOW, HIGH, LOW); 
state = 0; 

} 

delay(1000); 


} 
void LightsOn(int redStatus, int yellowStatus, int greenStatus) 
{ 

digitalWrite(red, redStatus); 

digitalWrite(yellow, yellowStatus); 

digitalWrite(green, greenStatus); 








In the code above, we are cycling through the states of the traffic signal discussed 
in the bullet points above. We are changing the state on the keypress even of the 
pushbutton. We are modularizing the operation to turn ON and OFF the entire set of 
LEDs using the custom-defined function LightsOn(). 


Visualizing Random Numbers Generation 


Let's use LEDs and the push-button for visualizing the random number generation. 
Have a look at the following circuit, 




















Fig. 5.7: Circuit for Random Number Visualization 
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We’re connecting the digital pin 12 to the push button and pins 0 through 5 to 
LEDs. Following is the code for the random numbers, 


int button = 13; 
int buttonState = 0; 
long randomNumber; 


void setup() 

{ 
for ( int i = 0; i < 6; i++ ) 
pinMode(i, OUTPUT); 


pinMode (button, INPUT PULLUP); 
randomSeed (42); 
} 


void loop () 
{ 
buttonState = digitalRead (button); 


if (buttonState--LOW) 
{ 


randomNumber = random(0, 6); 


for ( int i = 0; i < 6; i++ ) 
{ 
if( i <= randomNumber ) 
digitalWrite(i, HIGH); 
else 
digitalWrite(i, LOW); 








} 
delay (200); 


In the code above, the function call randomSeed() in the setup() initializes the 
random number generator. In the loop() section the built-in function random() generates 
a random number within the given range. We are turning ON the number of LEDs 
equal to generated random number on a keypress. 


Summary 


In this short chapter, we learned in detail how to use and program a push-button with 
Arduino Uno board. We also created three circuits and wrote four programs for those 
in detail. Push buttons are very important because in many industrial applications use 
them as a preferred method of input. One of the most used day-to-day examples of 
usage of push-buttons is the calculator keypad. 
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Fig. 5.8: A calculator keypad 


Also, other examples of push-buttons include the keypads of remote controllers 
of TVs and video games, and the keyboards of computers and electronic musical 
instruments. In the later part of this book, we will work with the remote controls, 
keypads, and music along with Arduino. 


Exercises for this Chapter 


| hope you have enjoyed creating the chaser circuit from the last chapter. It will be an 
interesting exercise to add a level of interactivity to the chaser circuit using the push- 
button. Let me explain how to accomplish that. We know that there is duration 
component involved in designing the chaser effect. We can add a push-button and 
program it such that on key press it cycles through various amounts of durations for 
the chasers. And after reaching the highest delay, it should resume from the beginning. 


CHAPTER 6 


Analog Inputs and Various Buses 


We learned to work with digital inputs and analog switches in the last chapter. We also 
created few real life and a bit more complex examples. In this chapter, we will learn 
how to handle analog inputs. We will also learn various communication mechanisms 
and buses Arduino has for data exchange between with other devices. First, we will 
get started with Serial Data transfer. Then we will learn how we can use it for debugging 
the Arduino programs. We will then move on to handling Analog inputs. Finally we 
will have an overview of SPI and I2C buses in Arduino. 


Serial Data Transfer 


There are various ways we can transfer data between electronic devices or components 
within an electronic system. The most common ways are Parallel Data Transfer and 
Serial Data Transfer. The following is a diagram of a parallel data transfer arrangement, 


Sender Parallel Interface Receiver 





Fig. 6.1: Parallel Data Transfer system 


As we can see in above diagram, for every bit in an 8-byte word of data, there is a 
dedicated bus line. In the diagram above, the bus line is unidirectional. This means 
thatthe bus carries the data only in one direction. Often the bus lines are bidirectional 
and are capable of carrying the data in both directions. 

Advantage of parallel bus is that we can transmit multiple bits simultaneously. 
The drawback is that we need to have extra bus lines which might take up a lot of 
space. 


The other more frequently used arrangement is Serial Data Transfer, also known 
as Serial Communication or Serial Bus. The following diagram depicts a unidirectional 
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serial communication system where the most significant bit is transmitted and received 
first, 


Sender Serial Interface Receiver 


DO D1 D2 D3 D4 D5 D6 D7 





Fig. 6.2: Serial Communication 


The sender side end is known as Tx (Transmission) and the receiver side end is 
known as Rx (Receiver/Reception). For the above system to be bidirectional, both the 
devices have Tx and Rx pins. Tx of a device is always connected to Rx of the other 
device and vice-versa to facilitate the communication. We can use serial bus in 
synchronous and asynchronous modes. For synchronous transmission, there could be 
additional pins for synchronization control and timing signals. There are many 
implementations of Synchronous Serial Communication. Prominent examples include 
RS232, SPI, and I2C. Following is the pin diagram of a RS232-style connector, 





Fig. 6.3: RS232 Pin Connector 


In the earlier days of computing, RS232 ports were ubiquitous. Almost every IBM 
PC and clones had them. The standard I/O services like keyboard, mouse, and printers 
could be connected to PC. Many modems were also RS232 compatible. Though RS232 
is still popular, no modern motherboards come with an RS232 port due to their declining 
use in PCs. However, they remain popular choice for other industry segments like 
embedded systems. 
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Arduino Serial 


Arduino boards have Arduino Serial for communication between them and other 
devices like computer. Arduino Serial is an asynchronous bus which uses only Tx and Rx 
pins for communication. Arduino Uno board uses Pin O as Rx and Pin 1 as Tx for serial 
communication. It can also use the USB port for the Serial communication with a 
computer as the pins are connected to the board’s built-in USB-to-Serial adapter. When 
we use serial communication via Pins 0 and 1 or USB, we cannot use Pins 0 and 1 in 
Digital I/O mode. 


The serial pins use TTL (Transistor-Transistor-Logic) level of 5V for Arduino Uno. It 
is really not a good idea to connect them with RS232 as RS232 uses +/-12V logic levels. 
It will fry the board damaging it beyond repair thus rendering it useless. 


Getting Started with Arduino Serial 


Let's get started with Arduino Serial. We will see a simple program which is used for 
blinking LED and also printing the status of LED on the screen. Arduino IDE has tools to 
visualize the communication with the Serial port and pins. The most used is the Serial 
Monitor. It can be used when an Arduino Board is connected to the computer through 
USB. It can be found under the Tools menu option in the menubar. Let's see how we 
can use the serial monitor to debug a program. Let's get started with the simplest 
example. | hope you remember our very first Arduino Program for LED blink. Let's 
modify it to print the status of the LED on the serial monitor, 


void setup() { 
// initialize digital pin LED BUILTIN as an output. 
pinMode (LED BUILTIN, OUTPUT); 
Serial.begin(9600); 











} 


// the loop function runs over and over again forever 
void loop() { 

digitalWrite(LED_BUILTIN, HIGH);// turn the LED on (HIGH is 
the voltage level) 











Serial.println("LED ON"); 

delay(1000); // wait for a second 
digitalWrite(LED BUILTIN, LOW); // turn the LED off by making 
the voltage LOW 
delay(1000); // wait for a second 
Serial.println("LED OFF"); 





























In the program above, in setup() section, with Serial.begin(9600) we are initializing 
the serial communication at the baud rate of 9600. In loop() section, we are using 
Serial.println() to print data in human readable ASCII format. Upload the sketch to an 
Arduino Uno board and keep the board connected to the computer. Open the Serial 
Monitor. It will Show output as follows, 
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Fig. 6.4: Serial Monitor 


You will also notice that, one of the two LEDs besides Pin 13 LED is labeled as Tx 
and it also blinks everytime when something is printed on serial monitor. Following is 
the a close-up photo of that, 
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Fig. 6.5: Tx and Rx LEDs 
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For the coding example above, only Tx LED will blink. 
Let’s use Serial communication for input. Consider the following code, 


void setup () 


{ 





// initialize digital pin LED_BUILTIN as an output. 
pinMode(LED_BUILTIN, OUTPUT); 
Serial.begin(9600); 








} 


// the loop function runs over and over again forever 
void loop() 
{ 





if (Serial.available() > 0) 

{ 
char letter = Serial.read(); 
if (letter == '1"') 


{ 
digitalWrite(LED_BUILTIN, HIGH); // turn the LED on 
(HIGH is the voltage level) 














Serial.println(^LED ON"); 
delay(1000); 








lse if(letter == ‘0’) 


digitalWrite(LED BUILTIN, LOW); // turn the LED off 
by making the voltage LOW 
delay(1000); // wait for a second 
Serial.println("LED OFF"); 

















Serial.available() checks the number of byte available for reading from the serial 
port. Serial.read() reads the data over the serial stream. Run the code above and open 
the serial monitor. In the text box located at the top of the serial monitor window, type 
1 and then click the Send button. The built-in LED for pin 13 will be ON. In the same 
way, you can turn it off by sending it O. This is how we can use Serial Communication 
via built-in USB-to-Serial of Arduino Uno. In the later part of this book, we will learn 
how to use Pins 0 and 1 (Rx and Tx) for the serial communication. 


Analog Input 


In the last chapter, we learned how to work with Digital input component (Push-button) 
which can be connected to one of the digital I/O pins of Arduino. Digital inputs are 
pretty much simple as they just have two states, O or 1. Analog inputs are a bit more 
complex as they offer a variety of values as input. 
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The most common and simplest of Analog input components is a potentiometer. 
It is a resistor with three pins. The middle pin is used as an input to Analog pin of 
Arduino. Other two pins are used to connect it to the reference voltage and GND pin. 


Following is an image of a potentiomenter, 





Fig. 6.6: Potentiometer 


There is breadboard friendly version of it as follows, 





Fig. 6.7: A 10K breadboard potentiometer 


Potentiometers are essentially voltage dividers. They divide the reference voltage 
using built-in variable resistors. 


ANALOG Inputs and Various Buses 61 





Consider the following circuit diagram, 
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Fig. 6.8: A potentiometer connected to Uno pin AO 


Connect the middle pin of the potentiometer to pin AO. Connect one pin to 5V 
and the remaining to GND. We will use the same circuit for the next couple of coding 
examples. 


We have created the circuit for Analog input. Let's write the code for it, 


void setup() { 
// initialize serial communication at 9600 bits per second: 
Serial.begin(9600); 

} 


// the loop routine runs over and over again forever: 
void loop() { 
// read the input on analog pin 0: 
int sensorValue - analogRead(A0); 
// print out the value you read: 
Serial.printin(sensorValue) ; 
delay(1); // delay in between reads for stability 


The code is very easy to understand. There is only one new function analogRead() 
which we don't know yet. It accepts the analog Pin name (AO to A5 for Uno) or number 
(0 to 5 for Uno) as an argument. It reads the analog value from the connected device. 
Arduino's analog pins are connected to 10-bit analog to digital converter. Resolution of 
10 bits means we can have 1024 distinct values. 
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Once we upload the sketch to the Uno, we can see it in action. Keep the Arduino 
connected to the computer and open the Serial Monitor. You will be able to see the 
current reading from the potentiometer. Rotate the knob and you can see the value 
changing. The following is the Serial Monitor, 
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Fig. 6.9: Arduino Serial Output 


We can also make it a bit more interesting. From the Tools in the menubar, open 
the Serial Plotter and observe the graph of the analog input, 
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Fig. 6.10: Arduino Serial Monitor 


You might have noticed by this time that the value of the input varies from O to 


1023. 
We know the reference voltage of the potentiometer. It is +5V. We can determine 


ANALOG Inputs and Various Buses 63 





the voltage level of the analog input by mapping the numbers in the range 0 to 1023 to 
the range O to +5 as follows, 


void setup() { 
// initialize serial communication at 9600 bits per second: 
Serial.begin(9600); 

} 


// the loop routine runs over and over again forever: 
void loop() { 
// read the input on analog pin 0: 
int sensorValue - analogRead(A0); 
// Convert the analog reading (which goes from 0 - 1023) to a 
voltage (0 - 5V): 
float voltage - sensorValue * (5.0 / 1023.0); 
// print out the value you read: 
Serial.println(voltage); 





Compile and upload the sketch above and observe the value of voltage change on 
Serial Monitor and plotter. 


Also, Arduino IDE has a ready-made map() function to map the input range to a 
custom range. For that, we need to know the range of input values for the Analog pin. 
We already know that the input range is O to 1023. Let's write a small program to map 
it to 0 to 255, 


void setup() { 
// initialize serial communication at 9600 bits per second: 
Serial.begin(9600); 

} 


// the loop routine runs over and over again forever: 
void loop() { 
// read the input on analog pin 0: 
int sensorValue - analogRead(0); 
// Convert the analog reading (which goes from 0 - 1023) to a 
voltage (0 - 5V): 
int val = map(sensorValue, 0, 1023, 0, 255); 
// print out the value you read: 
Serial.println(val); 





The map() accepts five arguments. The first one is the variable to be mapped, the 
second and third are the input range, and the fourth and fifth is the target range. 

In the subsequent chapters, we will be extensively using analog input to control 
few parameters in our circuit. 
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Arduino SPI 


SPI stands for Serial Peripheral Interface (SPI) bus. It is a type of Serial and Synchronous 
bus. It was developed by Motorola in the 80s. It uses full duplex mode i.e. bidirectional 
data flow at the same time for data communication. It also uses the master-slave 
arrangement for control. The SPI bus has the following signals, 


SCLK or SCK: Serial clock (Clock output signal from master) 

MOSI: Master Output Slave Input (Data output signal from master to slave) 
MISO: Master Input Slave Output (Data output signal from slave to master) 
SS: Slave Select (Signal used to select the slave chip/device) 

The following is the block diagram of a single master-slave arrangement. 





Fig. 6.11: SPI Master-slave arrangement 


In the diagram above, the SPI master is usually the Arduino Uno. Digital Pin 13 of 
Uno is used for SCK/SCLK, Digital Pin 12 is used for MISO, and Digital Pin 11 is used for 
MOSI. We can use any of the remaining digital pins for SS. Usually by convention the 
Digital pin 10 is used for SS in single master-slave configuration as it is adjacent to the 
other SPI pins. However, we can use any digital I/O pin for this function. 


The following is an example of multiple independent slaves connected to a master, 





Fig. 6.12: Multiple independent slave arrangement 
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Also, it is possible to have a single SS signal for multiple slaves. For that, we need 
to arrange the circuit in daisy chain mode as follows, 








Fig. 6.13: Daisy Chain arrangement for multiple slaves 


Many hardware components use SPI as primary means of communication with 
Arduino. In the subsequent chapters, we will study those components and their 
interfacing with Arduino. 


Arduino I2C 


I2C means Inter Integrated Circuit. It was invented by Philips semiconductor. It is a 
type of Serial and Synchronous bus. We know that Asynchronous Serial requires only 
two lines but we need to agree on data rate (baud rate) for the data exchange. The 
Synchronous Serial buses like SPI are bidirectional and require four lines. However the 
major drawback of SPI is that it can only have a single master device. 


I2C eliminates all the drawbacks of Asynchronous serial and SPI and combine their 
benefits. It requires only two lines, SDA (data line) and SCL (clock line). It can have 
multiple master nodes and it is synchronous. It supports very high rate of data transfer. 
There are many implementations on I2C. Usually the speeds of generic I2C 
implementations vary between 100 kHz to 400 kHz. Few specialized implementations 
support up to 5 MHz rate of data transfer. 12C can support up to 1008 devices connected 
in the I2C bus. 

The details of I2C as a bus and its implementation is not needed much to see I2C 
in action. We will see that in the subsequent chapters of the book. 


In Arduino UNO, SDA and SCL lines are close to the AREF pin. The following image 
shows the locations of these pins, 
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Fig. 6.14: Location of Arduino I2C pins 


Summary 


In this chapter, we learned the basics of Serial bus in detail. We learned about its 
different flavors and learned to work with Arduino Serial. We also saw how to use 
analog pins for the input. We saw the basics of Synchronous flavors of Serial, I2C and 
SPI. In the subsequent chapters, we will use these two to connect a lot of devices to 
Arduino. 


Exercises for this Chapter 
Complete the following exercise to broaden the understanding of the topics we learned 
in this book, 


In the last chapter, we added a push-button to the chaser circuit to control the 
duration of the LED blink. Modify the original chaser circuit and control the duration of 
the LED blink and hence the speed of the chaser using a potentiometer. 


CHAPTER 7 


Working with Displays 


Inthe earlier chapters, we learned how to use LEDs, how to arrange them in aesthetically 
pleasing patterns, and create the projects like chasers and model traffic signal. And in 
the last chapter, we studied the basics of various buses and their implementation in 
Arduino. We also learned how to use serial bus and analog input. 


In this chapter, we will see the various hardware components which make use of 
I2C and SPI buses. The hardware components we are going to explore in this are made 
of LEDs and LCDs. We will study the following new hardware components in this chapter, 


>  10segment LED bar graph 

16x2 LCD Display 

I2C module for LCD 

MAX 7219 7-segment 8-digit LED display 

MAX 7219 8x8 Matrix display 

This is going to be a long and detailed chapter with plenty of exercises in the end. 
In the code, circuits, and exercises of this chapter, you will have to make use of the 


components we learned earlier. So, if you have missed any of the chapters or exercises 
earlier, please have a look at the part again else it will be difficult to catch up. 


10 Segment LED bar graph 


Let’s get started with the simplest component in the list. In the last few chapters, we 
arranged the LEDs in a line on a breadboard to create the circuit for various chaser 
effects. It is a bit cumbersome to arrange all the LEDs, resistors, and Jumper cables on 
the breadboard. So many component manufacturers package the LEDs into a bar graph. 
It could have any number of LEDs. Here, | am using a bar graph with 10 LEDs. The LED 
bar graph is nothing but number of LEDs bunched together to resemble a bar graph 
when fully illuminated. It is widely used to represent the strength of various physical 
measurements like noise, volume, pressure, etc. Following is the photograph of a LED 
bar graph I used, 


VV VV 
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Fig. 7.1: 10 Segment LED bar graph 


The bar graph has 20 pins. 10 are anodes and 10 are cathodes for the LEDs. They 
are made in such a way that like ICs, they can easily be mounted on a breadboard such 
as the anode and the cathode pins are on the opposite sides of the groove which runs 
through the center of the breadboard. And as discussed earlier, it keeps it relatively 
cooled by providing airflow. The following is the top view of the bar graph, 





Fig. 7.2: 10 Segment LED bar graph — top view 


Let’s prepare a circuit. The bar graph does not have any resistors. So we will use 
470 Ohm resistors for this circuit. Have a look at the following circuit, 
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Fig. 7.3: LED bar graph circuit 


In the circuit above, we are not using Pins O and 1. We know that these are serial 
pins so these will be used for the debugging if we want to debug the program with the 
Serial Monitor. 


Let's write a simple program for this, 
int myPins[] = (2, 3, 4, 5, 6, 7, 8, 9, 10, 11}; 


void setup () 


{ 
for(int i=0; i<=9; i++) 
pinMode(myPins[i], OUTPUT); 
} 
void loop() 
{ 
for(int i=0; i<=9; i++) 
{ 
flash(myPins[i], 20); 
} 
} 


void flash(int led, int duration) 
{ 
digitalWrite(led, HIGH); 
delay (duration); 
digitalWrite(led, LOW); 
delay (duration); 
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In the example above, we are using arrays to store the digital pin numbers. When 
we upload the program to the Arduino Uno, the individual LED of the bar graph blinks 
for the given duration creating the chaser effect. 

Note: We will study basics of number and character arrays in the next chapter. 

If we modify the program as follows, it creates dual bi-directional chaser effect. 


int myPins[] = {2, 3, 4, 5, 6, 7, 8, 9, 10, 11}; 


void setup () 

{ 
for(int i20; i<=9; i++) 
pinMode (myPins[i], OUTPUT); 








} 
void loop () 
{ 
for(int i20; i<=9; i++) 


{ 





dualFlash(myPins[i], myPins[9-i], 20); 


} 


void dualFlash(int ledl, int led2, int duration) 
{ 





digitalWrite(ledl, HIGH); 
digitalWrite(led2, HIGH); 
delay (duration); 
digitalWrite(ledl, LOW); 
digitalWrite(led2, LOW); 
delay (duration); 























Try to think few innovative ways where you can use the bar graph with the digital 
and analog inputs. 


HINT: Please check the exercise section for more ideas. 


16x2 LCD Screen 


In the last section, we studied the Led bar graph. It just makes use of the Digital I/O 
lines of the Arduino. Let's have a look at LCD display which uses the SPI interface of 
Arduino. LCD stands for Liquid Crystal Display. We will use a 16x2 character LCD display 
which can display 2 rows of 16 characters. LCD screens come in various types and 
resolutions. Make sure that you are using 16x2 LCD display for this section. Another 
point to remember is that they come in different types of backlight colors. Common 
colors are green and blue. Let's see how to attach it to an Arduino. 


Most of the LCDs available in the market are Hitachi compatibles and they usually 
have the following pins. 
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RS pin is Register Select pin. R/W pin enables reading or writing. Enable pin 
enables writing to the registers. 


Check the following circuit diagram. DO to D7 are eight data pins. 


There are display contrast pin (Vo), power supply pins (+5V and GND), and LED 
Backlight (Bklt+ and BKIt-) pins that we can use to control the display contrast, power 
the LCD, and turn on and off the LED backlight, respectively. 


Connect the circuit as follows, 





Fig. 7.4: 16x2 LCD 


Let me describe in words in case if the circuit diagram is not clear. LCD connection 
pins (from left to right) in the diagram above are to be connected as follows, 

VSS: Connect it to GND 

VDD: +5V 

VO: Middle pin of the 10K potentiometer 

RS: Pin 12 of Arduino 

R/W: Connect it to GND 

E: Pin 11 of Arduino 

D4: Pin 5 of Arduino 

D5: Pin 4 of Arduino 

D6: Pin 3 of Arduino 

D7: Pin 2 of Arduino 

LED+: Connect it +5V through 22 Ohm resistor. 

LED-: Connect it to GND. 


Complete the circuit. Once done, open the Library Manager from the Sketch menu 
and download LiquidCrystal library. 
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e Library Manager x 


Type All v Tope Al ~ UgudCrystal 


LiquidCrystal &uilt-In by Arduino, Adafruit Version 1.0.5 INSTALLED ^ 
Allows communication with alphanumerical liquid crystal displays (LCDs). This library allows an Arduino/Genuino board to control 
LiquidCrystal displays (LCDs) based on the Hitachi HD44780 (or a compatible) chipset. which is found on most text-based LCDs. 

The library works with in either 4 or 8 bit mode (i.e. using 4 or & data lines in addition to the rx. enable, and. optionally, the rw 
control fines), 

More info 


Select version ~ insta Update 


Adafruit LiquidCrystal Adafruit 

Fork of LiquidCrystal HD44780-compatible LCD driver library, now with support for ATtinyBS. Fork of LiquidCrystal 
HO44780-compabble LCD driver library, now with support for ATtiny85 

More info 


Akafugu TWILiquidCrystal Library Akafogu 
Akafugu TWILiquidCrystal Library Akafugu TWILiquidCrystal Library 
More info 


hd44780 by Hl Perry 
Extensible hd44780 LCD library, hd44799 is an extensible LCD library for hd44780 based LCD displays. The API functionality Md 











Fig. 7.5: LiquidCrystal Library 


This library works with Hitachi HD44780 and compatibles. Check the following 
simple program, 


#include <LiquidCrystal.h> 





const inb rs 12, en = 11, d4 2 5, d5 2 4, d6 2 3, d7 = 2; 
LiquidCrystal lcd(rs, en, d4, d5, d6, d7); 





void setup() { 
lcd.begin(16, 2); 
lcd.print(^Hello, world!"); 











} 

void loop() 

{ 
// Turn off the display: 
lcd.noDisplay(); 
delay(500); 
// Turn on the display: 
lcd.display(); 
delay(500); 

} 


In the program above, first we create an object Icd for addressing the LCD screen. 
With the object Icd, we can access any function from the LiquidCrystal library. This is 
our very first program for LCD. So we will just get introduced to the very basic functions. 
Icd.begin(16, 2) initializes the LCD screen. 16 refers to the number of columns and 2 
refers to the number of rows. Icd.print() prints the string on the display. Icd.display() 
and Icd.noDisplay() turn ON and OFF the display respectively. When we upload this 
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program, the LCD will blink repeatedly with the printed characters. Let us get into more 
complex visual effects. We will try scrolling the text, 


#include <LiquidCrystal.h> 





const ant rs. = 12, en 2 l1, d4=-5, d5.- 4, dou=.3,. dv = 2% 
LiquidCrystal lcd(rs, en, d4, d5, d6, d7); 


void setup() 


{ 
lcd.begin(16, 2); 


delay (500); 
} 


void loop() { 


lcd.setCursor(15, 0); 
lcd.print("Hello, world!"); 


for (int i = 0; i < 13; i++) 
{ 
lcd.scrollDisplayLeft(); 
delay(250); 


In the program above, Icd.setcursor() is used to set the position of the cursor and 
Icd.scrollDisplayLeft() is used to scroll the text to the left one position at a time 
respectively. Rest all the LCD related functions are as same as the previous program. 
The following is the photo of the scrolling text in action, 
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Fig. 7.6: LCD Scrolling Text in action 


You must be thinking that the photograph is blurred. However, the LCD screens 
that we are using are not very friendly for the digital photography, hence the blur effect. 
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The LCD screen | am using has a blue backlight screen. If you do not see any characters 
on the display then do not panic. Just try to adjust the potentiometer and you will see 
the characters. 


I2C LCD 


In the last section, we saw how to interface a 16x2 LCD to an Arduino with a 
potentiometer and a 220 ohm resistor. In this section, we will learn to use the same 
LCD with the I2C interface. For that, we need I2C LCD interface board module. Following 
is an image of the I2C LCD module, 





Fig. 7.7: I2C LCD Module 


Now, by using a breadboard connect the header pins of the module (not visible in 
the image above as those are situated at the rear) to the headers of the LCD. Refer the 
image below, 
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Fig. 7.8: 12C module connected to LCD on a breadboard 
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We have to connect the pins of I2C module to the pins of Arduino Uno board as 
follows, 


GND: Connect this pin to Arduino GND pin 
VCC: +5V pin of Arduino Uno 

SDA: SDA Pin of Arduino 

SCL: SCL Pin of Arduino 


This completes all the necessary connections. Now, we need to add a library for 
I2C LCD. It can be found as a ZIP file at the URL http://wiki.sunfounder.cc/images/7/7e/ 
LiquidCrystal I2C.zip. Download the zip file. In the Arduino IDE, click Sketch in the 
menubar. Then click Choose Library -» Add .ZIP Library. Refer the screenshot below, 


Verify/Compile Ctrl+R 
Upload Ctrl+U 
Upload Using Programmer Ctrl+Shift+U 





Export compiled Binary Ctrl- Alt- S 


Show Sketch Folder Ctrl- K | 
Include Library ; A 
Add File... Manage Libraries... 


Add ZIP Library... 


Fig. 7.9: Adding a ZIP library 


Then browse the location of the ZIP file for the library (Usually, it would be in the 
Downloads directory). Select the ZIP file and click Open. This will install the library to 
the Arduino IDE. This way we can install any library which is in the ZIP format to the 
Arduino IDE. 


With the necessary library installed, let's begin the programming for I2C LCD. 


finclude <Wire.h> 
#include «LiquidCrystal I2C.h» 





LiquidCrystal I2C 1cd(0x27,16,2); 
// set the LCD address to 0x27 for a 16 chars and 2 line display 


void setup() 
{ 

led.init(); 

led. backlight (); 
} 


void loop() 
{ 
led.setCursor (0,0); 
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lcd.print(^Hello, world!"); 
lcd.setCursor(0,1); 
lcd.print (“Ashwin Pajankar"); 


At first, we are creating an object for the I2C LCD screen we have. In 
LiquidCrystal I2C Icd(0x27,16,2) , 0x27 is the 12C address of the 12C interface for LCD 
display. 0x27 is the most common 12C address for the 12C LCD module. However, it 
could be different for your module. Check the module specs for the I2C address. 
Remaining two arguments are the number of letter columns and rows respectively. 

In the setup() section, we are initializing the LCD and then enabling the backlight. 
In the loop() section, we are printing the messages in the first and the second row (or 
line, as many people refer it) of the LCD display. 

Let's have a look at few more functionalities offered by I2C LCD library in the next 
couple of sample programs. Following is the simple program for scrolling a character 
array leftwards, 


finclude «Wire.h» 
finclude «LiquidCrystal I2C.h» 








char array[]-"Hello World!"; 
LiquidCrystal I2C 1cd(0x27,16,2); 


void setup() 

{ 

lcd.init(); 
lcd.backlight(); 





void loop() 


lcd.setCursor(15, 0); 
lcd.print("Hello, world!"); 


for (int i = 0; i < 16; i++) 





lcd.scrollDisplayLeft(); 
delay(250); 





} 

lcd.clear(); 
//Clears the LCD screen and positions the cursor in the upper- 
left corner. 


} 


In the loop() section, at first we are positioning the cursor at the position 15, 0 
which is the end column of the first line. Then we are progressively scrolling the entire 
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text leftwards with % seconds of delay between the movement. In the end, we are 
clearing the LCD screen for fresh movement. 
In the last chapter, we learned about the serial bus in Arduino. Let's combine that 


knowledge with LCD. In the following example, we are accepting input from the Serial 
using your PC’s keyboard and printing it on LCD screen. 


#include <Wire.h> 
#include «LiquidCrystal I2C.h» 





LiquidCrystal I2C 1cd(0x27,16,2); 


void setup() 

{ 
lcd.init(); 
lcd.backlight(); 
Serial.begin(9600); 

} 


void loop() 
{ 
if (Serial.available()) 
{ 
delay(100); 
lcd.clear(); 
while (Serial.available() » 0) 
{ 


lcd.write(Serial.read()); 


Upload the above program to the Arduino Uno and then open the serial monitor. 
Enter any text and it will be displayed at the LCD screen. Everytime we enter new text, 
the earlier text is cleared from the screen as we are using Icd.clear() in before any 
operation on LCD. 


MAX 72XX LED Driver 


Till now, we have seen LED bar display which used the digital I/O pins of Arduino as 
parallel bus for the data transfer. We also saw the LCD display and I2C module which 
uses I2C bus to communicate with Arduino. In this section, we will learn a thing or two 
about ready-made displays made of common cathode LEDs. These displays are capable 
of displaying numbers, characters, and various small custom-generated shapes. 

MAX7219 and MAX 7221 are compact and serially interfaced LED display driver 
ICs. They can control up-to 64 individual common-cathode LEDs. They are fully 
compatible with the SPI bus of Arduino. 
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Note: | am not going to discuss how the schematics of LED display module hosts 
MAX7219/7221 IC. It is out of the scope for this book. Also MAX72XX IC is a separate 
topic in itself which require a lot detailed discussion. Whenever | work with any IC 
module, I prefer to check the datasheet from manufacturer for detailed specifications 
and sample usage. The URL https://datasheets.maximintegrated.com/en/ds/MAX7219- 
MAX7221.pdf has the datasheet for these IC modules. Please do check the datasheet 
once if you really want to build your own LED display module using MAX72XX IC 
modules. 


For using any LED display module hosting MAX72XX, there is an Arduino Library 


known as LedControl. Before proceeding any further, install it with Library Manager as 
follows, 





e Library Manager x 
Type all w Topic Al w LedControl 
LedControl >) Eberhard Fable 1.0.6 INSTALLED ^ 


A library for the MAX7219 and the MAX7221 Led display drivers. The library supports multiple daisychained drivers and supports 
Led-Matrix displays as well as 7-Sagment displays. 
More infa 


LEDMatrixDriver =>; Uartoss Pielawsk 0.1.1 INSTALLED 

A replacement for Arduino's LedControl library for MAX7219 Includes local framebuffer - refresh is software-controlied, Can use 
more than 8 segments. 

More info 


Fig. 7.10: Installing the LedControl library 


Shortly, we will learn to code using the functions in this library. Let’s have a look 
at a couple of MAX72XX based LED display modules. The first one is 8-digit 7-segment 
LED module. As its name suggests, it is made of eight individual pieces of 7-segment 
LED modules. Simple individual 7-segment LED modules look as follows, 





Fig. 7.11: Single digit 7-Segment LED display 
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The above one is a common-cathode C5611 type 7-segment LED display module. 
It has got 8 LEDs in that. Out of the eight LEDs, seven LEDs are used for displaying the 
numerical digit and remaining LED is used for the decimal point (lower left right circular 
shape in the image above). 

In this section, we are not going to discuss this. We will discuss its advanced cousin 
which used MAX72XX IC. The following is the photograph of that, 





Fig. 7.12: Top view of 8-digit 7-Segment MAX72XX LED display 


In the module, there are eight LEDs for each digit. So, for all the eight digits, there 
are 64 LEDs in total which is maximum number of LEDs the MAX72XX can operate. 
Let's have a look at the pins of this module. There are two sets of almost identical pins. 
The first set (the labels for the pins of which are partially visible in the photograph 
above) is for input from Arduino. We cannot see the pins clearly in the photograph 
above. The names of the pins are VCC, GND, D,,, CS and CLK. 


We need to have a look at the rear end of the module, 





Fig. 7.13: Rear view of 8-digit 7-Segment MAX72XX LED display 


We can see the second set of the pins which are almost identical in the names 
(except for D, .). We can use these pins in case we are going to use multiple of such 
modules in a daisy-chain fashion. We just need to connect the set of D u pins of the 
first module to the set of D, pins the second module. We will see that later in detail. 

As we know the MAX72XX uses SPI bus for connecting to Arduino, we use pins 12, 
11, and 10 of Arduino Uno for making the connections. The connections of MAX72XX 
pins against Arduino are as follows, 

VCC - Uno +5V 

GND — Uno GND 
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D „(could also be labeled as DIN or just DATA in some modules) — Uno Pin 12 
CS (Also labeled as LOAD in some modules) — Uno Pin 10 
CLK — Uno Pin 11 


We can use the pin headers to connect the pins to Uno with jumpers. We have to 
solder the headers to the module. The following is an image of pin headers, 





Fig. 7.14: Pin headers 


Just cut the set of 5 headers from a strip like above and solder it carefully to the 
pins. 

The other type of display is 8x8 LED matrix display. As the name suggests, it has 
64 LEDs arranged in 8x8 matrix and when they lit up, they look amazing. The following 
is an image of such a module I have, 





Fig. 7.15: MAX 72XX 8x8 LED matrix module 
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The pin names are exactly the same and this module can also be used for daisy 
chaining. 

We installed the LedControl library earlier. Let’s have a look at the important 
functions of the library first. These functions are used with both types of modules we 
discussed above. 


Note: You can find very detailed information on the LedControl library on the 
URL http://playground.arduino.cc/Main/LedControl. 


The following line includes the library to the code, 


#include "LedControl.h" 


In order to use the LED screen module, we have to create an object for that. The 
following piece of code does that, 


LedControl lc = LedControl(12,11,10,1); 


The first argument to LedControl() constructor is the Arduino Pin connected to D y 
pin of the module, second is the Arduino pin connected to CLK, and the third is the 
Arduino pin connected to CS/LOAD pin. The fourth argument is the number of devices 
which is 1 here. In case we’re daisy chaining, it will be more. Once initialized 
Ic.getDeviceCount() returns the number of devices initialized in the constructor. The 
devices are addressed from 0 to Ic.getDeviceCount()-1. Ic.shutdown(0, true) shuts down 
the LEDs by pushing them into the power saving mode. However, users can still send 
the data to the module and it is retained in the IC. It is not just displayed. To bring back 
the power, we use Ic.shutdown(0, true). The first argument to this function call is the 
device number and the second is the power saving state. True means LEDs are off and 
False means the LEDs are on. Ic.setintensity(0, 8) is used to set the intensity of the 
display. The first argument to this function call is the device number and the second is 
the intensity value. The intensity value can vary from 0 to 15. Ic.clearDisplay(O) clears 
the device. The argument is the device number. These are the initialization functions 
usually used in the setup() section. 

Now, let's have a look at the functions which can control the LEDs directly. 

setLed() library function is used to set an individual led of the display. The following 
is the prototype of the function in the library which also explains how to use it, 


void setLed(int addr, int row, int col, boolean state); 





The first argument is the device number. Second and third arguments are the 
positions of the LED and the final argument is the state. We can also address the entire 
rows and columns with setRow() and setColumn() functions. The following are their 
prototypes, 


setRow(int addr, int row, Boolean value); 
setColumn(int addr, int column, Boolean value); 


As even the 8-digit 7-segment display module is organized as 8x8 LED arrays, the 
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above functions can be used with both type of devices i.e. the matrix and 7-segment 
displays. 
We have a few special functions to be used with the 7-segment devices. setDigit() 
prints anumber on given digit of the 7-segment display. The following is the prototype. 
void setDigit(int addr, int digit, byte value, boolean dp); 


The first argument is the device number. The second argument is the digit number 
of the display device. It ranges from 0 to 7 for the eight digit display with the leftmost 
digit numbered as 0, the next is 1, and so on. The third argument is the number to be 
printed and the final argument is the boolean value to decide the state of the decimal 
point. We can print the entire hexadecimal range (0 to F) on the display. 


The final function that we will see before we get started with the programming is 
setChar(). As its name implies, it prints characters on MAX 72XX 7-segment display. 
However, itis a bit tricky function. This is because, due to its very nature, the 7-segment 
display module is capable of displaying a limited set of characters. The following is the 
list of characters it can display, 


»  Allthe single digit decimal numbers (0, 1, 2, 3, 4, 5, 6, 7, 8, and 9) 
A (uppercase A) 

b (lowercase B) 

c (lowercase C) 

d (lowercase D) 

E (uppercase E) 

F (uppercase F) 

H (uppercase H) 

L (uppercase L) 

P (uppercase P) 

- (the minus/hyphen sign) 
. (the decimal point)\ 

_ (the underscore) 


VVVVV VV VV VV ON ON 


A space (empty cell) 
For printing rest of the characters, we cleverly need to manipulate the individual 
rows and column. 


Equipped with all the needed essential knowledge to program, get started with 
our very first program for MAX72XX 8-digit 7-Segmented display, 


#include “LedControl.h” 
LedControl lc = LedControl(12,11,10,1); 
int delaytime=250; 


void setup () 
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lc.shutdown(0,false); 
lc.setIntensity(0,8); 
lc.clearDisplay(0); 





} 


void writeArduino() 


{ 


lc.setChar(0,0,'a',false); 


delay (delaytime); 
lc.setRow(0,0 
delay (delayti 


0x05); 
e); 


F 

m 
lc.setChar(0,0,'d',false); 

m 


delay (delayti 


e)s 


lc.setRow(0,0,0x1c); 


delay (delaytime); 


lc.setRow(0,0,B00010000); 


delay (delaytime); 


lc.setRow(0,0,0x15); 


delay (delaytime); 





lc.setRow(0,0,0x1D); 


delay (delaytime); 
lc.clearDispl 





delay (delaytime); 


} 


void scrollDigits() 


{ 











for(int 

{ 
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} 


i=0;i<9;i++) 


set 
set 
set 
set 
set 
set 
set 
set 
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Digit 
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,l,i,false); 
,6,i-*1,false 
,5,i+2, false 
,4,1+3,false 
,3,i+4,false 
,2,i*5,false 


Digit(0,1,i-«6,false 





Digit (0,0,i+7,false 
delay (delaytime) ; 


lc.clearDisplay(0); 





delay (delaytime); 


} 


void loop() 
{ 


) 
) 
) 
) 
) 
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, 
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, 


, 


, 
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writeArduino(); 
scrollDigits(); 


Let us discuss the above program section by section. In the setup() section, we 
are turning on the display and setting the intensity. The writeArduino() function displays 
the string Arduino character by character with the delay of % second on the first digit 
of the display. After that, the function scrollDigits() scrolls the entire hexadecimal range 
from left to right. Connect the module to Arduino and upload the code to see it in 
action. 

Note: If you are seeing inverted characters or the positions of the digits inverted, 
because of the internal connections in the 8-digit 7-Segmented module you have. These 
modules are manufactured by various manufacturers and the connections may vary. 
The inverted characters or transposed matrix is the most reported issue. It is difficult 
to write generic code to handle this. In case you are facing this issue, just make changes 
in the code by manipulating the individual LED with trial and error and you will be able 
to write the code for the module you have. 


Please check the exercise section for more project ideas for 8-digit 7-segment 
display. 

Let’s move on to the 8x8 display. Connect the 8x8 display to the Arduino. Before 
we write the code specific to the 8x8 display, run the program we just wrote for 8-digit 
7-segment with 8x8 module connected to the Arduino. You will find a seeming regular 
but meaningless pattern on the display. This is because the program we just wrote was 
specific to the 8-digit 7-segment display. Let’s write the code specific to the 8x8 module. 


#include “LedControl.h” 
LedControl lc=LedControl(12,11,10,1); // 


void setup() 

{ 

lc.shutdown(0,false); 
lc.setIntensity(0,8); 
lc.clearDisplay(0); 








} 
void loop() 
{ 
for (int row=0; row<8; row++) 
{ 
for (int col=0; col<8; col++) 


{ 





lc.setLed(0,col,row,true); 
delay(25); 
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#include 


for (int row=0; 


{ 


for 


{ 


row<8; row+t) 


(int col=0; col«8; col++) 


lc.setLed(0,col,row, false); 
delay(25); 


The program above turns on all the LEDs in the 8x8 matrix one-by-one and when 
fully illuminated, it turns off all the LEDs one-by-one in the same order as it turned 
them on. The above program is a very simple program which uses two double for loops 
for accessing every LED in the matrix. 


Let's have a look at a bit more complex program that prints characters on the 8x8 
module. 


“LedControl.h” 


LedControl lc=LedControl(12,11,10,1); 


int delaytime=500; 


void setup() 


{ 


} 


lc.shutdown(0,false); 
lc.setIntensity(0,8); 
lc.clearDisplay(0); 





void writeArduinoOnMatrix() 


{ 


byte a 
byte r 
byte d 
byte u 
byte i 
byte n 
byte o 





lc.set 
lc.set 
lc.set 
lc.set 
lc.set 


delay (delaytime); 
Row(0,0,r[0 


lc.set 














5]-(B01111 
5]-(B00111 
5]-(B00011 
5]-(B00111 
9 
5 
2 





110,B10001000,B10001000,B10001000,B01111110}; 
110,B00010000, B00100000, B00100000, BO00010000}; 
100,B00100010,B00100010,B00010010,B11111110}; 
100,B00000010,B00000010, B00000100,B00111110}; 


-(B00000000,B00100010,B10111110,B00000010,B800000000]; 
1110,B00010000,B800100000,B800100000,B800011110]; 
1100,B00100010,B00100010,B00100010,B00011100}; 





); 
); 
); 
); 
) 
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writeArduinoOnMatrix(); 


In the program above, we're displaying the characters using arrays of bytes. We 
are using the byte array to store the 8x5 size character in binary form and then turning 
on the associated LEDs in a row to print the pattern. For each pattern, we need five 
rows. Upload the program above and see the code in action. It prints the string Arduino 
character-by-character in rapid succession. 

Note: As | mentioned earlier, the pattern could be inverted or flipped. Just make 
appropriate changes to the pattern while declaring the byte array. 


Earlier, | mentioned the daisy chaining of the multiple displays. Let's try that for 
the 8x8 modules. We will try the modest possibility. Connect the first 8x8 matrix display 
to the Arduino. Then connect the second display to the first display such that the set of 
pins containing D, of the first module which is connected to the set of pins containing 
D,, of the second module. Refer the photograph below for connections, 





Fig. 7.16: Daisy chaining of 8x8 display modules 


Once connected, upload the following program to the Arduino. 


#include "LedControl.h" 

LedControl lc=LedControl(12,11,10,2); 
unsigned long delaytime-500; 

void setup() 


{ 





int devices = lc.getDeviceCount (); 
for(int address=0; address < devices; address++) 
{ 
lc.shutdown(address, false); 
lc.setIntensity(address, 8); 
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lc.clearDisplay (address); 





} 
void loop () 


{ 





int devices = lc.getDeviceCount (); 
for(int row=0; row<8; row++) 
{ 
for(int col=0; col<8; col++) 
{ 
for(int address=0; address<devices; address++) 
{ 
delay (delaytime) ; 
lc.setLed(address, row, col, true); 
delay (delaytime); 





lc.setLed(address, row, col, false); 


The code above is intended as a simple diagnostic test for all the LEDs in the daisy 
chain. Once we upload the program, The LEDs in the daisy chain will blink one-by-one 
in a chained fashion. You must have noticed that the statement in which we are creating 
an object for the display is a bit different. 


LedControl lc = LedControl(12,11,10,2); 


We are passing 2 as the last argument as we have two displays. Also, we have two 
levels of nesting in the for loop in program as the first level of nesting is needed for the 
matrix within a single module and the second level of nesting is needed to address the 
each 8x8 display module in the daisy chain. 


Check the Exercise section for more ideas on how to use the module. 


Summary 


We had learned the basics of various buses in the last chapter. In this chapter we got an 
actual opportunity to work with various displays which use these buses. We can use 
these display devices as visual output devices. 

In the next chapter, we will briefly revise the concepts of arrays and strings. We 
will also have a look at the memory model of Arduino Uno. 


Exercises for this Chapter 


Complete the following exercises to broaden your understanding about the various 
display devices we used in this chapter, 
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Write the program for 8-digit 7-segment display which scrolls entire text string. 
Weare familiar with the use of potentiometer. Add potentiometer to all the circuits 
we discussed in this chapter to adjust the delay duration. 

3. Use two units of 8-digit 7-segment display for daisy chaining. Write a program for 
scrolling text across this entire daisy chain. 


4. With 7-segment display, we can display limited type of data. However, with 8x8 
matrix, we can display a lot of different types of shapes. For example, try drawing 
a simple smiling face. Also try scrolling text on the display. If you wish to make it 
better then try scrolling text in a daisy chain of multiple 8x8 matrix displays. 


CHAPTER 8 


Arrays, Strings, and Memory 


Till now we have been focusing on the hardware part. In this chapter, we will learn the 
concepts related to the arrays, strings, and memory with the Arduino IDE. This chapter 
will be more focused on the programming part than the hardware. This is necessary 
because if we are planning to create a complex application we need to know these 
concepts. 


The readers who have considerable practical experience in C programming outside 
Arduino platform will find this chapter very simple, short, and easy to follow. However, 
| would really not recommend skipping entire chapter as the section of the chapter 
deals with Arduino Uno memory which is the real value addition for experienced 
programmers. 


So, let's dive into the programming with arrays and strings first. Then we will 
have a look at the memory of Arduino Uno. 


Arrays 


Let's get started with the simplest member mentioned above. We are all familiar with 
the arrays. Arrays are the collection of the elements from the same data type. We 
already have used arrays earlier. We will learn them in a bit more detail in this section 
of the chapter. Each element of an array is addressed by the name of the array combined 
with an index number. We can use numerical and character arrays for our programs. 
The following is a simple program to declare a numeric array of fixed size, assigning 
values to the each member variable, and printing the value, 


int mrrols 
void setup() 


{ 
Serial.begin(9600); 


} 


void loop() 
{ 


for ( int i = 0; i < 10; i++ ) 
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Serial.print(n[jl); 
Serial.print(‘\n’) 
} 
delay (500); 


Compile and upload the above program to the Arduino and check the serial 
monitor. Also, check the serial plotter if you want to see an interesting pattern of 
sawtooth waves. In the program above, we declared an array of size 10 and initialized 
it later. We can also initialize it while we declare it as follows, 


const int arraySize = 10; 
int a[arraySize] = { 10, 9, 8, 7, 6, 5, 4, 3, 2, 1}; 


void setup () 
{ 

Serial.begin(9600); 
} 


void loop () 
{ 


for (€ ane a 


{ 


O; i < arraySize; i++ ) 


Serial.print(a[il); 
Serial.print(‘\n’) 





} 
delay (500); 
} 


Multidimensional Arrays 


Till now, we have seen single dimensional (also called linear) arrays. In many scenarios, 
we need to use multi-dimensional arrays. Arduino C allows arrays with any number of 
dimensions. Let’s have a look at an example with two dimensional arrays, 


const int rows = 3; 
const int columns = 4; 
int a[rows] [columns] = {{1, 2, 3, 4}, 
Se 165-715 835 


(9, 10, 11, 12}}; 


void setup() 
{ 

Serial.begin(9600); 
} 


void loop() 
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f 
{ 


} 


or 


( int i 


for 


{ 


} 


( 


Serial.print ( 
Serial.print ( 


int j = 0; j < columns; 


0; i < rows; i++ 


i 





al 
^N 


Serial.print(‘\n’); 


delay (500); 


t 


] 


[319; 
); 


) 


j++ 


) 


In the program above, we are creating and using a 2-D array. When referring to an 
element in a multidimensional array, we have to use more than one index. In the above 
example, we are using two indexes for locating a distinct element in an array. Also, we 
need to introduce one for loop for each dimension of the array if we want to access 
individual element of the array. So for an N-dimensional array, the complexity of a 
program which traverses through each distinct element is O(n"). We can have more 
dimensions to the arrays. It might be an interesting exercise to try to create and use a 
3 or 4 dimensional arrays. 


Character Arrays 


It is possible to store characters in arrays. For that, we need to declare array as a 
character array. Then we can store character values in that and use the array for any 
purpose. Following is the simplest example of declaring and using character arrays, 


char myStr01[6] 
char myStr02[] 


void setup() 


{ 


, 


^ World!"; 


Serial.begin(9600); 


m 
m 
m 
m 
m 


/ 


m 





} 


void loop() 


{ 


ys 
ys 


trol 
trol 
trol 
trOl 
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the 








trol 








AH S 





11 terminator 
0; 


Serial.print (myStr01); 


Arrays, Strings, and Memory 93 





Serial.print (myStr02) ; 
Serial.print(‘\n’); 
delay (500); 


The above is a very simple example of character arrays. As you must have guessed 
it by now that we can use the character arrays as strings for all the practical purposes. 


Strings 


In the last example, we saw how to use character arrays to store strings. We can also 
use Arduino C’s built-in class String for the same. Actually, String class provides many 
functions for operations on strings and it makes string manipulation easy. The following 
code shows demonstration of a few self-explanatory string manipulation functions, 


// Declaring String objects 
String myStr01, myStr02, myStr03; 


void setup() 
{ 
Serial.begin(9600); 


myStr01 = "Hello"; 

myStr02 = ^" World!"; 

Serial.print (myStr01); 
Serial.print (myStr02); 
Serial.println(^"); 
Serial.println(myStr01l.length()); 
Serial.println(myStr02.length()); 


myStr03 = ^" Test String "; 
Serial.println(myStr03); 
myStr03.trim(); 
Serial.println(myStr03); 
myStr03.toLowerCase(); 
Serial.println(myStr03); 
myStr03.toUpperCase(); 
Serial.println(myStr03); 




















} 
void loop() 
{ 
} 


Upload the code above to the Arduino Uno and start the serial monitor to see the 
output. All the functions we used in the code above are self-explanatory, so | won’t be 
adding a paragraph explaining them. 
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Arduino Uno Memory 


In this section, we will have a detailed look at the memory model of Arduino Uno. We 
all know that variables consume memory. The composite variables like arrays and strings 
consume a lot of memory. It is because they consume a lot of memory for storage 
during execution. If they exceed in the size in terms of memory required, they could 
create a lot of problems for us if we really do not know about the memory of Arduino 
Uno. 


We know that Arduino Uno, its clones, and compatibles use Atmel ATmega328P 
microcontroller chip. It has got three types of memory. The first and the largest is the 
Flash Memory. It is also known as program memory because it stores the program 
instructions. Its total size is 32768 bytes and approximately 500 bytes are used for storing 
the bootloader program. The Arduino IDE compiles the Arduino C program and converts 
it into a format understandable to the ATmega328P. The converted program is stored 
in the flash memory. Flash memory is non-volatile type of memory. This means that 
the contents are not erased even when the chip is disconnected from the power source. 
Also, it is read-only and once the program is uploaded, it cannot be changed by the 
code running on the microcontroller. 

Arduino has 2048 bytes of SRAM (static RAM) which is used as RAM. It is separate 
from the program memory and it is used to store the variables and functions while 
running the program. This is a volatile memory. It means when the chip is powered off, 
it loses all the contents. While executing the program, the instructions are fetched 
from the flash memory and loaded into SRAM. Also, the local variables are retained in 
the memory for the duration they are needed. The global variables are stored in SRAM 
during entire running time of the program. It is the SRAM usages we need to worry 
about, as arrays and strings quickly consume the SRAM. 


Checking free RAM 


When we create and upload a program to an Arduino Board, the Arduino IDE tells us in 
the end of the operation how much program memory is used with a message like the 
following one, 


avrdude: verifying 
avrdude: 3582 bytes of flash verified 


avrdude done. Thank you. 


It just tells us how much of the flash memory is consumed. There is no way we 
can know how much SRAM it consumes while executing the program. So, the Arduino 
Playground has listed a piece of code that we can refer for checking the RAM 
consumption. It is listed at https://playground.arduino.cc/Code/AvailableMemor y. 

| have written the following program to demonstrate the usage of the code listed 
at the URL above. 


int freeRAM () 
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// This function is referred from 
// https://playground.arduino.cc/Code/AvailableMemory 


extern int __heap_start, *__brkval; 

int v; 

return (int) &v- (__brkval == 0 ? (int) & heap start : (int) 
. pDrkval); 


} 


const String globalMsg = “Global Variable”; 





void setup () 
{ 
Serial.begin(9600); 
String localMsg = “Local Variable”; 





Serial.println("We are in setup()..."); 
Serial.print (“Free RAM: ^"); 
Serial.println(freeRAM()); 

} 


void loop () 

{ 
Serial.printin(“We are in loop()..."); 
Serial.print (“Free RAM: ^"); 
Serial.println(freeRAM()); 
delay(10000); 


Let's upload the program above to the Arduino Uno and check the output on the 
Serial monitor. The output is exactly as follows, 


We are in setup()... 
Free RAM: 1721 
We are in loop()... 
Free RAM: 1732 
We are in loop()... 
Free RAM: 1732 


Let's try to understand what's happening here. In the setup() section, globalMsg 
and localMsg are occupying the SRAM. Hence, there is less free RAM. However, in the 
loop() section, only globalMsg is occupying the SRAM. So we have more of it free for 
the usage. 


EEPROM 


EEPROM stands for Electrically Erasable Programmable Read Only Memory. 
ATmega328P has 1024 bytes of EEPROM. This is also a volatile memory and retains the 
data without the need of power. Unlike the Flash memory, it can be accesses and used 
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to store the data by programs. However, there is a limit on the number of times we 
could reprogram it. The limit is around 100,000 after that it becomes unusable. This 
memory is byte addressable. 


Summary 


In this chapter, we learned the basics of arrays, character arrays, and String class. We 
had a brief look at few important string manipulation functions. Then we moved toward 
memory model of Arduino Uno and understood the different memories in ATmega328 
microcontroller. Equipped with this new knowledge about the strings and arrays, from 
the next chapter we will resume our journey of hardware projects with Arduino. 


Exercises for this Chapter 

Complete the following exercises to broaden the understanding of the topics we learned 
in this book, 

1. Write an Arduino C program to implement and use 3 and 4 dimensional arrays. 
2. Write a program to compute matrix multiplication. 


3. Use the freeRAM() function in the programs we wrote for demos in the earlier 
chapter to understand the RAM footprint of our coding style. 


CHAPTER 9 


Working with Sound and Sensors 


In the last chapter, we studied how to work with arrays, character arrays and String 
objects in Arduino C programming language. We also had an overview of memory of 
ATmega328P and wrote a couple of small useful programs for the memory. 


Equipped with essentials of arrays and memory in Arduino, we can resume our 
journey of hardware interfacing with Arduino. This chapter is a bit fun oriented as we 
will be creating a few really interesting projects with the new hardware parts. The new 
hardware parts we will be getting familiar with are the piezo buzzer and the digital 
sound sensor. 


First, we will study how to interface a piezo buzzer with an Arduino and a couple 
of sound projects along with that. Then we will understand how to interface a digital 
sound sensor with Arduino and then create a basic music visualizer. Finally, there are a 
few exercises for the readers for honing their skills with Arduino sound related projects. 
The exercises in this section are pretty heavy and will require readers to explore the 
unknown hardware on their own. 


Piezo Buzzer 


The piezo buzzer produces sound. Its working is based on piezoelectric effect. When 
current is applied across any piezoelectric material, it produces sound in the form of 
tone. The piezo buzzers produce the same sound irrespective of the voltage applied to 
it. Most buzzers produce the sound in the range of 2 kHz to 4 kHz. Following is an 
image of the piezo buzzer, 





Fig. 9.1: A piezo buzzer 
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The buzzer has two wires. The red one is to be connected to the +5V and the blue 
one (black in many buzzers) is to be connected to the ground (GND). Let’s have some 
fun with that without using Arduino first. Just connect it to the 9V battery, 





Fig. 9.2: A buzzer with a battery 


The buzzer will emit a constant uninterrupted tone. Let us write a few programs 
with Arduino Uno to have fun with the sound. We can connect the blue wire to the 
GND pin of Arduino and the red one to any of the digital I/O pins of the Arduino. This 
give us the programmatic control of the buzzer through Arduino C. 


As we know by now that when we apply voltage to the buzzer, it emits sound. 
When we emit the same sound tone with different frequencies, it sounds different to 
human ears. To emit the tone with a frequency, we need to emit the tone with interval. 
We know delay() function in the Arduino C can achieve the same. We just need to alter 
the state of the digital I/O pin connected to the buzzer and insert call to the delay() 
functions in between. However, the delay() function produces delay in seconds and we 
want the interval to be in the microseconds. The delayMicroseconds() function does 
the job. 

Connect the buzzer to the Arduino Uno Digital I/O pin 13 as shown in the diagram 
below, 


We are going to use this circuit for a couple of programs so make sure that it is 
correctly connected. Connect the red wire to Pin 13 and connect the blue/black wire to 
the GND pin of Arduino. 


Following is the program to produce the sample basic tones, 
int speaker - 13; 


// Musical Notes 
/ / tod " Aot ter, fx Bie Ruler ^g, bt, Be OMA 
int-tones[] jf 149-75; 1700, 1519,—1432, L297 X136, 1014, :956- Y; 
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// The above are frequencies corresponding to the musical notes 


void setup () 
{ 

pinMode (speaker, OUTPUT); 
} 


void loop() 
{ 
for (int i = 0; i <= 7; i++) 
{ 
for (int j = 0 ; j <= 250; j++) 
{ 
digitalWrite(speaker, HIGH); 
delayMicroseconds(tones[i]); 
digitalWrite(speaker, LOW); 





delayMicroseconds (tones[i]); 


} 
delay (50); 


> 
z 
B 
o 
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z 





Fig. 9.3: A buzzer connected to the Arduino 


We are storing the frequencies corresponding to eight basic musical notes to an 
array. In the loop() section, the top level for loop iterates through entire array of notes. 
We areturning the buzzer on and off for the specified duration in the microseconds to 
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produce a note corresponding to that frequency. And we’re repeating the tone for 250 
times else it is not possible to distinguish the change of the tone between notes in 
such a rapid succession. 


All these notes correspond to c, d, e, f, g, a, b, Cin the western notations or to Sa, 
Re, Ga, Ma, Pa, Dha, Ni, Sa in Hindusthani music notations. Upload the code and enjoy 
the music. | am really not a musician or someone who has very keen ear to the music 
of any kind. However, those of you who are fond of music and have formally music can 
surely make few more creative projects with the valuable knowledge we have just 
gained. 


Audio SOS Signal 


In the chapter which deals with LEDs, we have learned the basics of creating a distress 
beacon with a visual SOS message. In this section, we will create a similar SOS system, 
but this time with the audio output. We need to use the same circuit and just change 
the code, 


int speaker - 13; 


// Musical Notes 
Ja GOs em 
int tones[] = ( 1915, 956 }; 
void setup() 
{ 

pinMode (speaker, OUTPUT); 
} 


void loop() 
{ 
// Morse for S 
flash(tones[1]); 
flash(tones[1]); 
11); 





( 
flash(tones[ 
delay (300); 


// Morse for O 

flash(tones[0]); 
flash(tones[0]); 
flash(tones[0]); 




















// Morse for S 
flash(tones[1]); 
flash(tones[1]); 
flash 


( 
(tones [1]); 
delay(1000); 
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void flash(int duration) 
{ 
for (int i = 0; i <= 50; i++) 
{ 
digitalWrite(speaker, HIGH); 
delayMicroseconds (duration) ; 
digitalWrite(speaker, LOW); 
delayMicroseconds (duration) ; 
} 
delay (200); 


The program above is the modification of earlier program. In the program above, 
we have defined a custom function flash() to accept the frequency as the argument. 
We are creating the SOS signal with the combination two musical notes. Upload the 
program to the Uno board and observe the audio pattern for the SOS signal. This 
knowledge could be really handy in real-world distress scenarios. 


Arduino Piano Keyboard 


We have done a couple of simple projects with the Arduino Uno and the piezo buzzer. 
Now it’s time for some real intriguing project. In the very first program in this chapter, 
we emitted the tones corresponding to the musical notes successively in a loop. If we 
add several push buttons to our circuit and write a program such that the keypress 
event on a push button creates the corresponding note then it will be a rudimentary 
yet a functional piano. Let us do that. For that, at first, we need to create the circuit by 
adding one push button for each note. So we will need to connect eight push buttons 
to the circuit. Also, as we are going need eight pieces of 10k resistors. Following is the 
circuit diagram, 
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Fig. 9.4: Arduino Piano Keyboard 
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We are using digital pins 2 to 9 for keyboard. As a matter of convention, we are 
keeping pins O and 1 free in case we want to debug the program with the serial monitor 
of Arduino IDE. Following is the program, 


int buttons[8] DO. By “Ay SO Tg Sp Ob 
int buttonstate[8]; 
int speaker = 13; 
int Cur_tone = 0; 
Musical. Notes *e'. p “Ar; “elo SET, “gt, tat, “bt, tot 








// 
int tones[] = { 1915, 1700, 1519, 1432, 1275, 1136, 1014, 956 }; 
// frequecies corresponding to the musical notes 


void setup () 
{ 

for ( int i = 0; i <= 7; i++) 

{ 

pinMode (buttons[i], INPUT); 

} 





for ( int i 


{ 


= 0; i <= 7; i++) 
buttonstate[i] = 0; 
} 
pinMode (speaker, OUTPUT); 
} 


void loop() 
{ 


for ( int a 


{ 


0; i <= 7; i++) 


buttonstate[i] = digitalRead(buttons[i]); 


, 


} 


if ((buttonstate[0] == LOW) || (buttonstate[1] == LOW) || 
(buttonstate[2] == LOW) || (buttonstate[3] == LOW) || 
(buttonstate[4] == LOW) || (buttonstate[5] == LOW) || 
(buttonstate[6] == LOW) || (buttonstate[7] == LOW) ) 
{ 

for ( int i = 0; i <= 7; i++) 

{ 

if (buttonstate[i] == LOW) 


{ 


Cur tone = tones[i]l; 
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digitalWrite(speaker, HIGH); 
delayMicroseconds (Cur_tone) ; 
digitalWrite(speaker, LOW); 
delayMicroseconds (Cur tone); 


} 


else 


{ 
digitalWrite(speaker, LOW); 


In the program above, we are initializing the input and output pins in the setup(). 
The buttons are inputs and the speaker is the output. In the loop() section, first we’re 
reading the state of each button and if any button is pressed, then we making the 
buzzer emit the tone corresponding to the musical note. This is really an interesting 
application. Prepare the circuit and upload the program. You will really enjoy it. It is 
possible to add more notes. We can add three more buttons which could be connected 
to digital I/O pins 10, 11, and 12. However, in case you want to add more buttons to 
this project by directly connecting them to I/O pins, unfortunately, it is not really feasible. 
Please check the exercise section for the hint. 


LM393 Digital Sound Sensor 


Till now we worked on producing the sound. In this section, we will learn how to sense 
the sound with LM393 Digital Sound Sensor. The LM393 is a dual differential comparator. 
It is designed and manufactured by Texas Instruments. You can find more information 
on it on the URL http://www.ti.com/product/LM393. Also its data sheet can be found 
at http://www.ti.com/lit/ds/symlink/Im393-n.pdf. 

LM393 is widely used in the sound sensors. Following is an image of a digital 
sound sensor with LM393, 





Fig. 9.5: LM393 Digital Sound Sensor 
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The sensor has a potentiometer to adjust the sensitivity of the sound it detects. It 
has three pins. OUT pin is to be connected to the digital I/O pin of Arduino. | am 
connecting to the digital I/O pin 2. GND and VCC are to be connected to +5V and GND 
pins of the Arduino Board. Then we can just read the value of the sensor like any other 
digital input. It is high when it detects the sound and low when all is quiet. As | said 
earlier, the sensitivity can be adjusted by the potentiometer. Following is the simple 
program which detects the sound near the sensor, 


const int digitalInPin = 2; 





void setup() 
{ 
Serial.begin(9600); 
pinMode(digitalInPin, INPUT); 
} 


void loop() 


{ 
int sensorValue = digitalRead(digitallInPin); 


Serial.print("Sensor = “); 
Serial.printin(sensorValue) ; 


delay (250); 


It will print HIGH on the serial monitor when there is sound else it prints LOW. 
Now, let's make this more interesting. In the program above, we have to rely on 
Arduino's serial monitor to know if the sensor has detected any sound. We can definitely 
build a better notification mechanism than this as we know how to work with LEDs and 
displays. Adding a simple LED is good idea. However, adding 8x8 LED display is even 
better. Add MAX72XX 8x8 LED matrix display to the circuit. Use the usual digital pins 
12, 11, and 10 for that. The following is the program, 


#include “LedControl.h” 


const int digitalInPin = 2; 
LedControl lc = LedControl(12,11,10,1); 
int delaytime = 50; 





void setup() 
{ 
Serial.begin(9600); 
pinMode(digitalInPin, INPUT); 
lc.shutdown(0,false); 
lc.setIntensity(0,8); 
lc.clearDisplay(0); 
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void loop() 


{ 


int sensorValue = digitalRead(digitallInPin); 
byte 
pattern0[8]-2(B00000000,B00000000,B00000000,B00000000, 
B00000000,B00000000,B00000000,B00000000]; 
byte 
pattern1[8]-(B00000000,B00000000,B00000000,B00011000, 
B00011000,B00000000,B00000000,B00000000]; 
byte 
pattern2[8]-2(B00000000,B00000000,B00111100,B00100100, 
BO0100100,B00111100,B00000000, BOO000000}; 
byte 
pattern3 [8]={B00000000,B01111110,B01000010,B01000010, 
B01000010,B01000010,B01111110,B00000000); 
byte 
pattern4[8]-(B11111111,B10000001,B10000001,B10000001, 
B10000001,B10000001,B10000001,B11111111); 

















if(sensorValue -- HIGH) 
{ 
Serial.println(^Sound Detected!"); 
lc.setRow(0,0,pattern0[0]); 
lc.setRow(0,1,patternO[ 
0,2,patternO[ 
0,3,patternO[ 


1 

lc.setRow 2 
3 

0,4,patternod [4] 
5 

6 

7 


lc.setRow 
lc.setRow 
lc.setRow(0,5,patternO[ 
0,6,patternO[ 


lc.setRow(0,7,patternO 


Wee! AS RS Ge ee 


lc.setRow 


delay (delaytime); 
lc.setRow(0,0,patternl 
lc.setRow(0,1,patternl[ 
lc.setRow 


lc.setRow 


0,2,patternl[ 
0,3,patternl 
0,4,patternl[ 
0,5,patternl 
0,6,patternl[ 
lc.setRow(0,7,patternl 


lc.setRow 
lc.setRow 





Bee ae: PREMO 


lc.setRow 


YO OP WN EF ce 


=~ 


delay (delaytime); 
lc.setRow(0,0,pattern2 
lc.setRow(0,1,pattern2[ 
0,2,pattern2 
0,3,pattern2[ 


0,4,pattern2[ 


lc.setRow 
lc.setRow 














B WN FO 


lc.setRow 
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lc.setRow(0,5,pattern2[5]); 
lc.setRow(0,6,pattern2[ 


Ox 
- 


lc.setRow(0,7,pattern2 


J 
- 


delay (delaytime); 
lc.setRow(0,0,pattern3 
lc.setRow(0,1,pattern3 
0,2,pattern3 
0,3,pattern3 
0,4,pattern3 
0,5,pattern3 
0,6,pattern3 
lc.setRow(0,7,pattern3 


lc.setRow 
lc.setRow 
lc.setRow 
lc.setRow 


PORE DUREE EN E 


lc.setRow 


YO OP WN EF ce 


delay (delaytime) ; 
lc.setRow(0,0,pattern4 
lc.setRow(0,1,pattern4 
lc.setRow(0,2,pattern4 
lc.setRow 
lc.setRow 


( 
( 
(0,3,pattern4 
(0,4,pattern4 
lc.setRow(0,5,pattern4 
( 


lc.setRow(0,6,pattern4 














YO OP WN FO 





lc.setRow(0,7,pattern4 
delay (delaytime); 

} 

else 

{ 
Serial.println("All is quiet on the digital front!"); 


PEE 





lc.setRow(0,0,patternO 
lc.setRow 
lc.setRow 


0,1,patternO j 
0,2,patternO 


q 
0 
1 
2 
0,3,patternO[3 
4 
5 
6 
7 


) 
); 
lc.setRow ); 
lc.setRow(0,4,pattern0[4]); 
0,5,pattern0 ) 
0,6,pattern0 ) 
) 


lc.setRow(0,7,patternO 


lc.setRow 


, 


SS eS Le EK. 


lc.setRow 


, 














delay (delaytime); 
} 


delay (250); 


The program above creates ripple animation when sound is detected on the sound 
sensor. We are storing each frame of the animation in an eight element byte array. 


Summary 


In this chapter, we understood how the buzzer works and interfaced it with Arduino to 
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create a few fun projects. We also worked with our first sensor, the LM393 digital audio 
sensor and created a basic sound visualizer. In the next chapter, we will work with 
more sensors and create a few nice and interesting projects with them. 


Exercises for this Chapter 


1. 


Combine the visual SOS system from earlier chapter and audio SOS from this 
chapter into a single system. 


We have created the keyboard piano which creates eight notes. If we want to add 
many more notes to the piano then we have to use an Arduino board which has 
more digital I/O pins. Arduino Mega 2560 Rev3 is the perfect choice for this type 
of project as it has 54 digital I/O pins. The following is an image of Arduino Mega 
2560 R3, 





Fig. 9.6: Arduino Mega 2560 R3 


This board costs a bit more but, as | mentioned in the earlier paragraph, it has 54 
I/O pins and we can really make big projects which need more I/O pins with this 
one. There is no much difference in the Arduino C code except we can pass the 
additional pin numbers as arguments to the Arduino C functions. You can find 
more information on Mega 2560 R3 at the URL https://store.arduino.cc/usa/ 
arduino-mega-2560-rev3. It uses ATmega2560 microcontroller. 


Also, before uploading we need to change the board from the Tools menu, 
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Auto Format Ctrl+T 
Archive Sketch 

Fix Encoding & Reload 

Serial Monitor Ctrl+Shift+M 
Serial Plotter Ctrl+Shift+L 


WiFi101 Firmware Updater 


Board: "Arduino/Genuino Mega or Mega 2560" ; a 
Processor: "ATmega2560 (Mega 2560)" 1 Boards Manager... 
Port 1 Arduino AVR Boards 
Get Board Info Arduino Yün 


Arduino/Genuino Uno 
Programmer: "AVRISP mkll" 1 


Burn Bootloader 


IITTUIIDYUUCHGUEX Y Uu]. 


Arduino Duemilanove or Diecimila 
Arduino Nano 
(*  Arduino/Genuino Mega or Mega 2560 


0); Arduino Mega ADK 


Fig. 9.7: Selecting the board 


We also need to choose the processor, 





Auto Format Ctrl- T 
Archive Sketch 

Fix Encoding & Reload 

Serial Monitor Ctrl+Shift+M 
Serial Plotter Ctrl+Shift+L 


WiFi101 Firmware Updater 


| Board: "Arduino/Genuino Mega or Mega 2560" »| 
| Processor: "ATmega2560 (Mega 2560)" t ATmega2560 (Mega 2560) 
| Port X ATmega1280 


Get Board Info 


Programmer: "AVRISP mkll" >| 





Burn Bootloader 


Fig. 9.8: Selecting the processor for Rev3 


We have to select the processor, because the Arduino Mega 2560 has an earlier 
version which uses ATmega1280 microcontroller. You can find more information 
about it on the URL https://www.arduino.cc/en/Main/arduinoBoardMega. 

If you are not sure what the version of the board you plugged in to your computer, 
you can always use Get Board Info from the Tools in menu. 

We have worked with the LM 393 Digital Sound Sensor. We can also use an analogue 
sound sensor. Just search the Google for the keywords Analog Sound Sensor to 
find the websites which sell the one. Mostly you'll get one on eBay or Amazon. 
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The sensor has an additional pin which senses the sound in analog mode. We can 
just hook it up with the Arduino board like a potentiometer. The following is the 
code which reads the sound value and displays it on the serial monitor, 


const int analogInPin = A0; 


void setup() 
{ 

Serial.begin(9600); 
} 


void loop() 
{ 


int sensorValue analogRead(analogInPin); 


Serial.print (“sensor = ^"); 
Serial.printin(sensorValue) ; 


delay (250); 


The program is not much different from the potentiometer program. You can add 
a LED bar display to this and create a basic analog sound meter. 


CHAPTER 10 


More Sensors 


Inthe last chapter, we learned the basics of Arduino programming for sound. We created 
few fun projects with the piezo buzzer. We also had our first practical experience with 
sensors while programming for the LM393 Digital Sound sensor. 

In this chapter, we will study more sensors. First we will get started with 
environmental sensing with Digital Humidity and Temperature sensor module 
interfacing. Then we will move on to obstacle detection, movement detection, and 
distance measurement sensors. We will create a few interesting projects. | have listed 
ideas for a few more projects in the exercise section. 


Digital Humidity and Temperature Sensor 


The DHT series of sensors is used for measuring humidity and temperature. These 
sensors have a capacitive humidity sensor, a thermistor, and an analogue to digital 
converter. These sensors output the digital signals corresponding to the humidity and 
the temperature values of the environment. They are easy to be interfaced with the 
microcontroller chips like Arduino. The following is the list of the DHT sensors and 
their alternative names, 


>  DHT11- also known by name RHTO1 

DHT21 - also known as RHTO2, AM2301, and HM2301 
DHT22 — also known as RHTO3, and AM2302 

DHT33 — also known as RHT04, and AM2303 

DHT44 - also known as RHTO5 


All these sensors have four pins and the names of these pins from left to right are 
as follows, 


Pin 1: VCC — to be connected to +5V 

Pin 2: OUT — output signal to be connected to the digital input 
Pin 3: NC — Not Connected 

Pin 4: GND — Ground Pin to be connected to GND 


Let's get started with the practical by connecting the circuit and programming. 
The following is the circuit diagram, 
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Fig. 10.1: DHT22 connected to an Uno board 


| am using a DHT22 (or an AM2302) type of sensor and a 10K resistor for this. 
DHT22 works in 1-10096 humidity range and -40 to 125 Degree Celsius temperature 
range. Its sampling rate is one reading every two seconds. The resistor works as a pull- 
up resistor for the digital I/O pin of Arduino to which we're connecting the output pin 
of the sensor. The connection scheme is same for all the other sensors in the family. So 
if you have got any other sensor then do not worry and just connect it as shown in the 
diagram above. 

The above was the hardware part. Let's get the needed libraries. Install the Adafruit 
Unified Sensor library from Manage Libraries in Sketch from menubar, 





D Library Manager x 


Type Al ~ Topic Al w  Adafruit Unified Sensor 
ER 
Adafruit's Unified Sensor Library. 

More info 


^ 


Adafruit LSH303OLHC ^, Adafruit 
Unified sensor driver for Adafruit's LSM303 Breakout (Accelerometer + Magnetometer) Unified sensor driver for Adafruit's 
LSM303 Breakout (Accelerometer + Magnetometer) 

More info 


Adafruit TSL2561 Adafruit 
Unified sensor driver for Adafruit's TSL2561 breakouts Unified sensor driver for Adafruit's TSL2561 breakouts 
More info 


Adafruit Unified Sensor by Adafruit Version 1.0.2 INSTALLED 
Required for all Adafruit Unified Sensor based libraries. A unified sensor abstraction layer used by many Adafruit sensor libraries. 
More info. 


Select vers... w instal 

















Fig. 10.2: Installing Arduino Unified Sensor Library 
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Now, let’s manually download and install the Adafruit DHT library. The Arduino 
Unified Sensor library is the pre-requisite for this library. That’s why we installed it. To 
download the Adafruit DHT library, visit its github page located at https://github.com/ 
adafruit/DHT-sensor-library. Download the library as a ZIP file. Name of the zip file is 
DHT-sensor-library-master.zip. Extract the contents of the ZIP file to the current 
directory. It will create an output directory named as DHT-sensor-library-master. 
Rename this directory to DHT. Then copy this directory to the libraries directory of the 
Arduino installation directory. In my computer the location is C:\Program Files 
(x86)\Arduino\libraries. 

Note: If you have installed the Arduino IDE in the default directory path mentioned 
in the setup wizard during the installation, then the location for the libraries directory 
is same for your computer too. If not, then search for the directory where you installed 
Arduino IDE and locate the libraries directory in that. 

Once copied, the installation for using the sensor is complete. Following is an 
example program for using DHT22, 












































include "DHT.h" 

define DHTPIN 2 

//#define DHTTYPE DHT11 // DHT 11 

define DHTTYPE DHT22 // DHT 22 (AM2302), AM2321 
//#define DHTTYPE DHT21 // DHT 21 (AM2301) 

DHT dht(DHTPIN, DHTTYPE); 

















void setup() 

{ 
Serial.begin(9600); 
Serial.println("DHT22 test!"); 





dht.begin(); 
} 


void loop() 
{ 


delay (2000); 


float h = dht.readHumidity(); 
float t = dht.readTemperature(); 








if (isnan(h) || isnan(t)) 
{ 


Serial.println("Failed to read from DHT sensor!"); 





return; 


} 


Serial.print("Humidity: ^); 
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Serial.print(h); 
Serial.print(^ $Nt"); 
( 


a“ 


Serial.print("Temperature: "); 


Serial.print(t); 
Serial.println(); 

The above program is very simple example to read the temperature and humidity 
from the sensor and to display it on the serial monitor. Upload the program and check 
the serial monitor for the output. As shown in the circuit layout for this, we're using 
digital I/O pin 2 for this and we've programmed accordingly. The if condition in the 
program check whether or not the output of the sensor is valid value. Rest of the code 
is pretty straightforward. The following is the output, 


[7 em m - 
T COM3 (Arduino/Genuino Unc) a x 











£7] Autoscroli No ine ending 9500 baud Cex output 
Fig. 10.3: Serial Monitor output of DHt22 sensor code 


We can really improve this project by adding a I2C LCD module and 16x2 LCD 
character display. Just connect the LCD with I2C module and then the I2C module to 
the Uno board using I2C pins of the Arduino. The following is the code, 


include "DHT.h" 
include «Wire.h» 
include «LiquidCrystal I2C.h» 





define DHTPIN 2 


//#define DHTTYPE DHT11 // DHT 11 
define DHTTYPE DHT22 // DHT 22 (AM2302), AM2321 
//#define DHTTYPE DHT21 // DHT 21 (AM2301) 

















DHT dht(DHTPIN, DHTTYPE); 
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LiquidCrystal I2C 1cd(0x27,16,2); 


void setup() 
{ 
Serial.begin(9600); 
Serial.println("DHTxx test!"); 
lcd.init(); 
lcd.backlight(); 








dht.begin(); 
} 


void loop() 

{ 
String msg; 
delay (2000); 


float h = dht.readHumidity(); 
float t = dht.readTemperature(); 








if (isnan(h) || isnan(t)) 
{ 


Serial.printin(“Failed to read from DHT sensor!”); 





return; 
} 
msg = “Humidity: ^"; 
Serial.print (msg); 





Serial.print(h); 
lcd.setCursor(0, 0); 
msg.concat (h); 
lcd.print (msg); 
Serial.print(^ $Nt"); 





s 


msg = “Temp: “; 
Serial.print (msg); 





Serial.print(t); 
lcd.setCursor(0, 1); 
msg.concat(t); 
lcd.print (msg); 
Serial.printin(); 








We’re making use of the strings to store and display messages on the LCD. The 
fully working circuit looks as follows, 
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Fig. 10.4: A DHT22 sensor with 16x2 LCD and I2C LCD module 


The DHT sensor is located at top right hand corner of the circuit. Its color is as 
same as the breadboard base, so it is sort of camouflaged on the breadboard. 

Note: We can find the datasheet for DHT22/AM2302 at URL https://cdn- 
shop.adafruit.com/datasheets/Digitalthumiditytand+temperature+sensor+ 
AM2302.pdf. 


Proximity Sensing with IR Sensor 


Let’s study and write code for IR proximity detector. The sensor has an IR (infrared) LED 
and an IR photodiode bunched together for detecting obstacles. The following is the 
readymade sensor, 





Fig. 10.5: IR proximity sensor 


It also has got a potentiometer for adjusting the sensitivity. This is a digital sensor 
and has Output, GND, and VCC pins as shown in the photo above. Connect the sensor 
to the Arduino by connecting the output pin to the digital I/O pin 2 of the Arduino. 
Connect VCC and GND to +5V and GND of Arduino respectively. The following is the 
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simple code which flashes the built-in LED at pin 13 when we hold out hand (or any 
other object for that matter) in front of the sensor, 


const int ProxSensor = 2; 


void setup () 


pinMode(13, OUTPUT); 
pinMode (ProxSensor, INPUT); 


void loop() 





if (digitalRead(ProxSensor) ==HIGH) 


digitalWrite(13, HIGH); 


else 


digitalWrite(13, LOW); 





delay (100); 


The IR LED on the sensor emits IR light which is reflected back by the object in 
front of the sensor. This reflected light is sensed by IR photodiode on the sensor and it 
outputs a HIGH signal. 


PIR Sensor 


Let’s move on to PIR motion detector. For this, we will use a simple PIR (passive infrared) 
sensor as shown in the image below, 





Fig. 10.6: PIR sensor deconstructed 
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The above is an image (left circuit) of a deconstructed PIR sensor. It has three 
pins. From top to bottom, those are labeled as GND, OUT, and VCC. OUT is the digital 
output pin which becomes HIGH when motion is detected. The white semi-spherical 
plastic dome on the right is a Fresnel lens which effectively increases the range of the 
sensor. The PIR sensor, when combined with Fresnel lens, creates a semi spherical 3D 
IR field with the cone of 110 degrees. When there is any movement in the cone shaped 
field, the sensor sets the OUT pin HIGH. Followings are the top and side views of a fully 
constructed PIR sensor (the plastic dome can be easily removed and reattached), 





Fig. 10.7: Top view of PIR sensor 
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Fig. 10.8: Side view of PIR sensor 


In the image above, the pins are clearly visible. We can adjust the sensitivity and 
range of the sensor with two potentiometers (not visible in any of the images above) 
on the rear end of the sensor. Connect the sensor OUT pin to Arduino’s digital I/O pin 
2. Connect the VCC and GND pins to +5V and GND of Arduino respectively. The following 


code prints message on the serial monitor when any movement is detected on the PIR 
sensor, 


int inputPin = 2; 
int state = LOW; 





void setup () 

{ 
pinMode (LED BUILTIN, OUTPUT); 
pinMode(inputPin, INPUT); 
Serial.begin(9600); 

} 


void loop() 

{ 
int val = digitalRead(inputPin) ; 
if (val == HIGH) 
{ 








digitalWrite(LED BUILTIN, HIGH); 
if (state -- LOW) 
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Serial.println(^Motion detected!"); 
state = HIGH; 


} 


else 


{ 











digitalWrite(LED_BUILTIN, LOW); // turn LED OFF 
if (state == HIGH) 
{ 

Serial.println("Motion ended!"); 

state = LOW; 


In addition to printing messages on the serial monitor, we are also setting the LED 
on Pin 13 high when there is any movement. Upload the code to the board. As | said 
earlier, we can adjust the sensitive and range of PIR with built-in potentiometers on 
the rear end. Try to change these parameters when PIR is plugged to Arduino. 


Distance Measurement 


The last sensor that we are going to see in this chapter is HC-SRO4 distance measurement 
sensor module. Following is the photograph of the unit of it | have, 





Fig. 10.9: HC-SRO4 sensor 
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This is an ultrasonic sensor. The transmitter (marked as T) emits ultrasonic waves 
and the receiver (marked as R) receives the reflected waves. There are four pins on this 
sensor. VCC and GND are power pins. TRIG is an input pin. When TRIG is set high, the 
transmitter emits the signal. The ECHO pin is an output pin and it is set to HIGH when 
the receiver receives the reflected ultrasonic wave. The range of this sensor is between 
2 cms to 400 cms. Connect the sensor to the Arduino board as follows, 






mm xl 
= 


„oOutnpauy wE xXS 


(~sWAd) WiI9Td 


Fig. 10.10: HC-SRO4 connected to the Arduino 


Following is the code which demonstrates the capabilities of the sensor when 
paired with Arduino Uno board, 


const int trigDigitalPin = 








2 
const int echoDigitalPin = 3; 


long duration; 
int distance; 


void setup () 

{ 
pinMode(trigDigitalPin, OUTPUT); 
pinMode(echoDigitalPin, INPUT); 
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Serial.begin(9600); 
} 


void loop() 
{ 


// set the trigger pin on LOW state for 2 microseconds 
digitalWrite(trigDigitalPin, LOW); 
delayMicroseconds (2); 





// set the trigger on HIGH state for 10 microseconds 
digitalWrite(trigDigitalPin, HIGH); 
delayMicroseconds (10); 





digitalWrite(trigDigitalPin, LOW); 





// read the echo pin and 
// return the travel time for the sound wave in microseconds 
duration - pulseIn(echoDigitalPin, HIGH); 





// Calculating the distance 
distance - duration * 0.034 / 2; 


// print the distance on the Arduino Serial Monitor 
Serial.print("Distance: ^"); 





Serial.println(distance); 
delay (500); 





The program above is very simple to understand. First, we are setting the TRIG 
pin of the sensor LOW to erase any former state of the pin. Then we are setting it high 
for 10 microseconds. Then we are again setting it LOW. This will make the transmitter 
send an ultrasonic wave for 10 microseconds. Using the built-in pulseln() function of 
the Arduino IDE, we are calculating the duration taken by the pulse to travel. Using this 
duration and known speed of sound in air (340 meters per second or 0.034 centimeters 
per second) we calculate the total distance travelled by the wave (speed x time). Now, 
this is the distance for the round-trip and dividing it by 2 gives us the distance of the 
object from the sensor. Upload the code and observe the output on the Serial monitor. 


Summary 


In this chapter we had extensive hands on with the digital sensors. We wrote small 
programs to understand their workings and demonstrate their basic capabilities. In 
the next chapter, we will work with Arduino PWM and understand interfacing with few 
more new type of components. 


Exercises for this Chapter 


Go through the following exercises to create a few fun projects with the sensors we 
learned in this chapter. 
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We know how to use I2C LCD module and 16x2 LCD display. Use it as an output 
device for all the projects in this chapter. This way, we do not have to rely on 
Serial monitor for the output. 

We can use LED bar display for the temperature sensing. We need to use map() 
function of Arduino C to map the temperature values with the LED count on the 
LED bar display. This way, we can create a digital thermometer. 


CHAPTER 11 


Arduino PWM 


In the last chapter, we explored basics of sensors and did a few projects which involved 
environmental sensing. We covered the most used set of sensors used with Arduino 
for projects by beginners. 


Equipped with knowledge of sensors, we will now move on to understand an 
intermediate difficulty level concept of PWM. We will also see how to use various new 
type of interesting hardware components which can be operated by using PWM. 


Pulse Width Modulation 


PWM is abbreviation of Pulse Width Modulation. Before we understand the basics of 
PWM, we need to understand what a digital pulse (or signal or wave) means. The 
following is a regular or unmodulated digital wave, 


Period of the Wave 


pet, 










Amplitude 
+SV 
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Time 


Fig. 11.1: Unmodulated Digital wave 


The waveform above is unmodulated. It is HIGH (+5 V) for 50% of the time and 
LOW (0 V) for rest of 50% time. One complete cycle of HIGH and LOW is a pulse and 
time taken by a complete pulse is known as Period (marked in the image above). Also 
the voltage of HIGH state is known as the amplitude of the wave. The number of pulses 
per second is known as frequency of the signal. We can also say that the duty cycle of 
the pulse above is 50%. Duty cycle is the % of HIGH time of the period of the wave. 
Now that we are comfortable with the basic terms related to the digital signals, let’s 
understand the concept of modulation. As | mentioned earlier, the waveform above is 
called regular or unmodulated as it is HIGH for 50% of the time and LOW for 50% of the 
time. Modulation is the process in which the frequency (or the period) of the waveform 
is kept the same but the % of time the signal is HIGH and LOW varies. Essentially, we 
are varying the width of the pulse. The following diagram illustrates it well, 
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Fig. 11.2: Pulse Width Modulation illustrated 


The PWM wave of 50% duty cycle is analogous to normal unmodulated wave. So, 
when we modulate, essentially we are delivering limited amount of power to the 
peripheral connected. A PWM wave with 0% duty cycle does not provide any power at 
all and a PWM pulse wave with 100% power provides full power. So, when we attach a 
peripheral, it works according to the amount of power we provide through the 
modulated wave. Essentially, we are simulating the properties of an analogue wave 
for delivering the power to control the behavior of the devices. We will see the examples 
of that throughout this chapter. 


PWM in Arduino 


All the models of the Arduino come with the facility of PWM. Few of the digital I/O 
pins of all the models are designated for the PWM output. They are marked with ~ 
sign. In this chapter, we will discuss the PWM pins of Uno. We can extend this knowledge 
for the other models of Arduino. The following close-up of Arduino Uno’s digital pins 
shows which digital pins are capable of PWM output, 





Fig. 11.3: Pulse Width Modulation Digital I/O pins 
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As we can see, digital pins 3, 5, 6, 9, 10, and 11 are capable of PWM output. We 
exploit this feature of digital PWM output, we must know the Arduino C function 
analogWrite() which takes two arguments. The first argument is the PWM digital pin 
number and the second one is a number between 0 to 255 which is the value of PWM. 
The PWM duty cycle value ranging between 0% to 100% is mapped to the range 0 to 
255 such that 0 corresponds to 0% duty cycle, 127 corresponds to 50% duty cycle, and 
so on ending at 255 corresponding to 100% duty cycle. When we started programming 
with Arduino C, we saw the very first example which blinks the built-in LED. We will 
start coding for the PWM on similar lines. Connect a LED to digital pin 9 of Uno. Do not 
forget to use a resistor (else, as we know, the LED will fry). Check the following program, 


int led = 9; 
int brightness = 0; 
int fadeAmount = 1; 


void setup () 
{ 

pinMode(led, OUTPUT); 
} 


void loop () 
{ 


analogWrite(led, brightness); 


brightness brightness + fadeAmount; 
if (brightness <= 0 || brightness >= 255) 
{ 
fadeAmount = -fadeAmount; 
} 
delay(5); 


You can find the same program in Examples section. | just have modified a couple 
of things in that for better understanding of the readers. In setup() section, we’re 
initializing the pin 9 as an output pin as we normally do. In the loop() section, in each 
iteration, we are varying the brightness of the LED by the factor of 1 of PWM range of 
Oto 255 such that first it increases and later it decreases. When we upload the program, 
the LED gradually becomes brighter and fades. 


RGB LEDs 


Till now, we have seen and used LEDs which use a single color. Now, we will get familiar 
with a special type of LED known as RGB (Red, Green, and Blue) LED. These LEDs have 
four pins, one for power and other 3 for the color LEDs. As the name says the single 
LED emits 3 colors or the combination of it. Actually, these are 3 LEDs packed in a single 
package. There are two types of LEDs. First one is common anode LED where we have 
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to connect the power pin to +5V and the rest of the pins to GND for LEDs to glow. The 
other type is common cathode where we have to connect the power pin to GND and 
other pins to +5V for the LEDs to glow. We can control the glow of an individual LED in 
the package by controlling the voltage to the pin corresponding to it. We will begin 
programming of RGB LEDs with digital programming before using them for PWM. 
Following is the diagram for common anode LED connections with Arduino, 
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Fig. 11.4: Common Anode LED connections 


Let’s see the connection for the common cathode, 


rni 











Fig. 11.5: Common cathode LED connections 


The positions of pins of blue and green are different in the models of common 
cathode and common anode LEDs | am using for circuit. Hence, there is difference in 
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the diagram while connecting them to the digital I/O pins. Following is the program 
which demonstrates all the color combinations of the both types of LEDs, 


Lr] 


int RED, GR 








EN, BLUE; 











void setup() 






























































































































































{ 
RED = 2; 
GREEN = 1; 
BLUE = 0; 
pinMode (RED, OUTPUT); 
pinMode (GREEN, OUTPUT); 
pinMode(BLUE, OUTPUT); 
} 
void loop() 
{ 
digitalWrite(RED, HIGH) ;digitalWrite(GREEN, HIGH); 
digitalWrite(BLUE, HIGH); 
delay (500); 
digitalWrite(RED, HIGH) ;digitalWrite(GREEN, HIGH); 
digitalWrite(BLUE, LOW); 
delay (500); 
digitalWrite(RED, HIGH);digitalWrite(GREEN, LOW); 
digitalWrite(BLUE, HIGH); 
delay (500); 
digitalWrite(RED, HIGH) ;digitalWrite(GREEN, LOW); 
digitalWrite(BLUE, LOW); 
delay (500); 
digitalWrite(RED, LOW) ;digitalWrite(GREEN, HIGH); 
digitalWrite(BLUE, HIGH); 
delay (500); 
digitalWrite (RED, LOW);digitalWrite(GREEN, HIGH); 
digitalWrite(BLUE, LOW); 
delay(500); 
digitalWrite(RED, LOW);digitalWrite(GREEN, LOW); 
digitalWrite(BLUE, HIGH); 
delay (500); 
digitalWrite(RED, LOW);digitalWrite(GREEN, LOW); 
digitalWrite(BLUE, LOW); 
delay (500); 
} 


The code is for the common cathode RGB LED. It produces all the possible colors 
by digital means. In case you want to run this code for the common anode RGB LED, 
you have to change few lines as follows, 


128 Arduino Made Simple 














RED = 2; 
GREEN = 0; 
BLUE = 1; 











Create both the circuits and run the code. You will notice that the cycle of 
combination of colors in which the LEDs glow is different. This is because the individual 
LED in common anode RGB glows when the digital pin is LOW and the individual LED in 
common cathode RGB glows when the digital pin is HIGH. 

Equipped with the essential knowledge of workings of both the types of RGB LEDs, 
we can now write the program to use them with the PWM functionality of Arduino. 
Before that, we need to connect the common anode LED to Uno. Following are the 
connections, 
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Fig. 11.6: Common anode LED connections for PWM 


The following is the code for the circuit above, 


int redPin = 11; 
int bluePin - 10; 
int greenPin = 9; 
int duration - 500; 


void setup() 

{ 
pinMode(redPin, OUTPUT); 
pinMode(greenPin, OUTPUT); 
pinMode (bluePin, OUTPUT); 
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void loop () 
{ 





setColor(0, 0, 0); // LED off 








delay (duration); 

setColor(255, 0, 0); // red 
delay (duration); 

setColor(0, 255, 0); // green 
delay (duration); 

setColor(0, 0, 255); // blue 
delay (duration); 

setColor(255, 255, 0); // yellow 
delay (duration); 

setColor(80, 0, 80); // purple 
delay (duration); 

setColor(0, 255, 255); // aqua 
delay (duration); 

setColor(255, 255, 255); // white 
delay (duration); 


} 
void setColor(int red, int green, int blue) 
{ 

red = 255 red; 

green = 255 green; 

blue = 255 blue; 

analogWrite(redPin, red); 











analogWrite(greenPin, green); 
analogWrite(bluePin, blue); 





In the code above, we have written a custom function setColor() which accepts 
the values of red, green, and blue channels and sets the RGB LED accordingly. | have 
written the code which will make the LEDs emit only basic colors as we do using the 
digital method. However, we can use the function setColor() to produce a variety of 
color. In fact, we can have 2? = 256 colors for every individual LED in the package. A 
combination of these colors for all the three color channels gives a 24-bit resolution 
color pallet. This equals to 2?^ colors which is roughly equal to around 16 million colors. 
For example the following line produces grey color, 


setColor(127, 127, 127); // grey 


This is where the real power of PWM lies. We are sending the signals of 5096 duty 
cycle to all the three color channels in the RGB. Upload the code to the Arduino to see 
it in action. Try to find the RGB combination values of other colors and produce those 
on this circuit. 
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We have to modify the circuit and the code to work correctly with the common 
cathode RGB. Just interchange the position of the green and blue connections. Then 
connect the power pin to the GND of Arduino. That will take care of the circuit. We 
need to make the corresponding changes to the code as follows. For color channels 
following is the part which needs changes, 


int redPin = 11; 

int bluePin = 9; 

int greenPin = 10; 

We also need to make change to setColor() function as follows, 
void setColor(int red, int green, int blue) 


analogWrite(redPin, red); 
analogWrite(greenPin, green); 





analogWrite(bluePin, blue); 





Prepare the circuit for the common cathode RGB and then make the changes to 
the code too. Upload the code and see it in action. 


Controlling a Simple DC Motor with PWM 


All of us are aware of electrical motors. They are used to convert the electrical energy 
to mechanical energy. For this section the book, | recommend using a DC electrical 
motor with minimum 5V voltage ratings as smaller motors are more sensitive to 
overvoltage. | am using a motor which has 6V rating and it works just fine with the 
Arduino. Any motor with 5V to 7V voltage rating will be fine to use. In this section, we 
will use PWM output to control the speed of a DC motor. Let me explain first how we 
use the DC analogue voltage to control the speed of the motor. Suppose a motor is 
rated for 6 volts then when supplied 6V it rotates at the full speed. And for 3V it rotates 
at the half speed. This is for analog voltage. As | said earlier, we can use PWM to induce 
the same effect as analog DC voltage. Arduino Uno’s I/O pins are capable of operating 
at 5 volts. So when we set a PWM pin at 127, that’s 50% duty cycle which is equivalent 
of delivering an amount of power which can be provided by a continuous 2.5V DC 
voltage. This way we can use the PWM to amount the power delivered to the motor, 
thus, controlling its speed. 

Let’s connect the motor to Arduino. We cannot connect the motor to Arduino 
Uno directly as it may damage the board if motor draws too much voltage from the I/ 
O pins. So we will use a PN2222 or 2N2222 NPN transistor as a switch and we will also 
use a 1N4007 diode to shield the I/O pins from the blowback voltage. The following is 
the complete circuit diagram, 
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Fig. 11.7: Interfacing DC motor with Arduino with a transistor and a diode 


The code for the motor is very simple. It is as follows, 
int motorPin = 3; 


void setup () 
{ 
pinMode (motorPin, OUTPUT); 
Serial.begin(9600); 
Serial.println(^"DC Motor PWM Speed Test"); 
} 


void loop() 

{ 
analogWrite(motorPin, 63); 
delay (5000); 
analogWrite(motorPin, 127); 
delay(5000); 
analogWrite(motorPin, 255); 
delay(5000); 


In the code above, we are operating the DC motor with various duty cycles. Once 
you upload the program, you will be able to sense the difference between the speeds 
at various duty cycles. To add a bit of flare to the entire demo, | added a fan to the 
motor. The photograph of entire assembly is as follows, 
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Fig. 11.8: DC motor with Arduino 


Try reversing the connections of the motor power pins. The motor rotation 
direction will change. 

Note: Any diode from 1N400x series will be fine in the circuit. Also either 2N2222 
or PN2222 will do for the circuit. 


Using a Servo Motor with Arduino 


Servo motors are special motors which use PWM. Unlike DC motors, for servo motors 
we can control the precise angle for which the motor rotates. We can also control the 
angular velocity and resulting linear velocity of the motor rotation. We can also control 
the direction. All of this requires PWM. So let’s connect a servo motor to Arduino and 
experiment with that. | am using a tiny servo motor SG90. Following is a photograph of 
the same, 





Fig. 11.9: SG90 Micro Servo 
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It has three connections VCC, GND, and PWM. Connect the PWM pin to Arduino’s 
Digital I/O PWM pin. Connect Power pins to +5V and GND of Arduino as follows and 


we're ready to code, 
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Fig. 11.10: SG90 Micro Servo connected to Arduino 


The servo motors can be controlled by manually writing the code for PWM. 
However, the Arduino IDE comes with a Servo library for the operations on servo motors. 


Let’s try that library first, 
#include <Servo.h> 


Servo myservo; 


int angle = 0; 


void setup() 
{ 
myservo.attach (3); 


} 


void loop() 
{ 


for (angle = 0; angle <= 180; 
{ 
myservo.write (angle); 
delay (20); 
} 
for (angle = 180; angle >= 0; 


myservo.write(angle) ; 
delay (20); 


angle+t+) 


angle—) 
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In the program above, we imported the library and created an object for Servo 
motor. In the setup() section, attach() function is called to associate servo with a PWM 
pin of the Arduino board. The servo can rotate till 180 degrees. write() function takes 
angle as an argument and sets servo to that angle. The above program moves the 
servo motor from O to 180 degrees and then back to O degrees. This is very simple 
example of sample usage of Servo. We can use it in more complex projects like robotic 
arm. 


Summary 


In this chapter, we studied the basics of Arduino PWM and used a few new pieces of 
hardware to demonstrate the basic usage of PWM for controlling the hardware. This is 
the very first chapter which uses the mechanical hardware like motors. In the next 
chapter, we will learn about few more interesting pieces of hardware and how to 
interface them with Arduino. 


Exercises for this Chapter 


In the chapter, | discussed only barebones of the PWM without discussing any additional 

hardware components. In order to make your projects more interesting, complete the 

following exercise, 

1. Inthe very first example of the chapter, we used only single PWM pin. Use other 
5 pins to create a LED chaser with PWM effect. 

2. Connect two RGB LEDs to the Arduino Uno and write a program to make them 
glow with different colors simultaneously. 

3. Use Arduino Mega 2560 R3 to connect more number of RGBs. You can to create 
RGB chaser. Mega has 15 PWM pins which can be used to connect 5 RGB LEDs. 

4. Use potentiometer to adjust the speed of rotation of DC motor and LCD display to 
display the current speed. 

5. Inthe similar fashion, we can use potentiometer to determine current angle of 
the Servo motor. We can also use LCD for showing the current angle. 


CHAPTER 12 


Matrix Keypad and Security System 


Inthe last chapter, we were introduced to the concept PWM (Pulse Width Modulation) 
and its applications. We did a few fun and exciting projects with the PWM. We operated 
LEDs, RGB LEDs, DC Motor, and Servo Motor with Arduino PWM. 

In this chapter, we will study how to interface Arduino with matrix keyboard. We 
will also do a detailed project with the Keypad and I2C LCD screen to create a prototype 
of a password based security system. 


Keypad 


The types of keypads we will discuss in this chapter are known as matrix keypads or 
thin membrane keypads. They are built on a film membrane and are rectangular in 
shape. They are mostly matrix shaped as shown in the photograph down below, 





Fig. 12.1: Membrane Matrix keypad (4x4) 
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The one above has 16 keys arranged in 4x4 matrix. It has 8 pins, 4 for rows and 4 
for columns. Let’s see how to interface it to an Uno. We are going to use digital pins 2 
to 9 such that the leftmost pin is connected to the pin 9 of Uno and the rightmost pin is 
connected to pin 2 of Arduino. Have a look at the following photograph | took of the 
connections made by me, 





Fig. 12.2: Interfacing the 4x4 keypad to Uno 


Once connected, before we write program to use it, we need to install a library for 
working with the keypad. We can also manually write all the functions for the operation 
of this. However, it will be too much time consuming. So we install an official library 
supported by Arduino IDE. It is available in the Arduino's repository and can be 
downloaded using the Library Manager. Its name is Keypad. Check the following 
screenshot, 





E Library Manager x 
Type All ~ Topic Al w | keypad 
AnalogKeypad by Makuna ty Hichsel C. Miller (makuna Plive.com) al 
A library that makes interfacing the Banggood Ananlog Keyboard easy. Includes support for events of click and hold. Tested on 
esps266. 





Keypad by Mark Stanley, Alexander Brevig 

Keypad is a library for using matrix style keypads with the Arduino. As of version 2.0 it now supports mulitple keypresses. This 
library iz based upon the Keypad Tutorial. It was created to promote Hardware Abstraction. It improves readability of the code by 
hiding the pinMode and digitalRead calls for the user. 

More info 


Verson 3... vio trata 





by Lectrobox 


LectroboxKeypadShield 

Driver for the Lectrobox Keypad Shield. The shield is a combination of hardware and software that makes it simple for your 
sketches to access the keypreases from the included 16-key keypad. The keypad can either be mounted directly on the Arduino 
ofr connected remotely using a standard Ethernet cable. The shield communicates with the Arduino via TWI, using only the SDA 
and SCL pins, and does not consume any digital inputs. It is compatible with both 68-bit and 32-bit, 5v and 3.3v Arduinos. The 
hardware package indudes a shield, a keypad. and » small RJ45 interface adapter for remote keypad mounting. 

More info 

















Fig. 12.3: Downloading the Keypad library 
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Once downloaded, write the following program for a simple demonstration for 
the capabilities, 


#include <Keypad.h> 


const byte ROWS = 4; 
const byte COLS = 4; 


char keys[ROWS] [COLS] = 

{ 
fe oe AON to RATE, 
[^27 pO reo V BC, 
ping Tas Boy 
[wt EOE EL pts 

; 


byte rowPins[ROWS] = (9, 8, 7, 6}; 
byte colPins[COLS] = (5, 4, 3, 2); 


Keypad keypad = Keypad( makeKeymap(keys), rowPins, colPins, ROWS, 
COLS ); 


void setup() 
{ 

Serial.begin(9600); 
} 


void loop() 


{ 
char key = keypad.getKey(); 


if (key) 
{ 
Serial.printin(key); 


The code is very simple. We are creating keymap and then create an object of the 
keypad attached to the Arduino Uno. In the loop() section, we use getKey() function 
call to fetch the key pressed by the user. Then we are displaying this key on the serial 
console. Upload the above sketch to Uno and check the serial monitor for the output. 


There is also another variant of the keyboard which has 3 columns and 4 rows. It does 
not have the alphabets A, B, C, and D. Also it has one less pin for columns. Following is 
the modified version of the program above for you to have an idea of handling 4x3 
matrix keyboard. 


#include <Keypad.h> 


const byte ROWS = 4; 
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const byte COLS = 3; 


char keys[ROWS] [COLS] = 
{ 
pope ran cen. 
(^A SUV Te, 
[C161 08 ran, 
[Pit ont ens 
; 


byte rowPins[ROWS] = {9, 8, 7, 6}; 
byte colPins[COLS] = {5, 4, 3}; 


Keypad keypad = Keypad( makeKeymap (keys), rowPins, colPins, ROWS, 
COLS ); 


void setup () 
{ 

Serial.begin(9600) ; 
} 


void loop () 


{ 
char key = keypad.getKey(); 


if (key) 
{ 
Serial.printin(key); 


In case you are not able to obtain a 4x4 keypad, you can use 4x3 keypad for your 
demonstrations using the code above. Similarly, if you can obtain the keypads of other 
dimensions, you can use this library to program them with Arduino. 


Password Protected Security System 


We can extend the above circuit and add a I2C LCD to make a password protected 
security system. Basic idea behind it is that the Arduino waits for the user input and 
when the keypad is pressed four times then the combination of the keys pressed on 
the keypad is checked against the password stored in the program. If it matches then 
the designated action like opening the gate happens. Otherwise it notifies the user 
that the password is wrong. As we know that Uno has limited ports, | have implemented 
a skeletal password checking security system. After adding I2C LCD display to the write 
the following program, 


#include <Wire.h> 
finclude <LiquidCrystal_I2C.h> 
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#include <Keypad.h> 


const byte ROWS = 4; 
const byte COLS = 4; 


String passcode = "1234"; 
String input = ""; 
int count; 


char keys[ROWS] [COLS] = 
{ 
fF 5243 7 NE, 
[Mt ONG LoT EB 
pute gt SOO coe 
[6x6 pt apr ort) 


byte rowPins[ROWS] = (9, 8, 7, 6}; 
byte colPins[COLS] = (5, 4, 3, 2}; 


LiquidCrystal I2C 1cd(0x27,16,2); 
Keypad keypad = Keypad( makeKeymap(keys), rowPins, colPins, ROWS, 
COLS ); 


void setup() 

{ 
Serial.begin(9600); 
lcd.init(); 
lcd.backlight(); 
count = 0; 
lcd.clear(); 


} 


void loop() 

{ 
lcod.setCursor (0,0); 
lcd.print("Welcome!"); 
lcd.setCursor(0,1); 
lcd.print (“Enter Password: ^"); 





char key = keypad.getKey(); 


if (key) 
{ 


input.concat (key); 
count++; 
Serial.println(input); 
Serial.println(count); 





if (count -- 4) 
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lcd.clear(); 
lcd.setCursor(0,0); 


if ( passcode -- input ) 
{ 
lcd.print(^*** Verified ***"); 
} 
else 
{ 
lcd.print(^**** Wrong ****"); 


} 


delay (5000); 
lcd.clear(); 
count = 0; 


ume. 
, 


input - 


Upload the above program to Uno and see it in action. In the program above, we 
are just checking if the consecutive keystrokes match against the value stored in the 
string variable in the program. 


Summary 


In this short but intense chapter, we learned the basics of the matrix keypads and made 
a simple password based system. In the next chapter, we have some more interesting 
concepts to learn and more exciting projects to be done. 


Exercises for this Chapter 


The security system we implemented in this chapter is very basic. We can improve 
this. We can add two separate LEDs corresponding to the messages on LCD. The red 
LED would glow when password is wrong and green LED would glow when the password 
is correct. We can also add a buzzer which would emit distinct tones for both the cases. 
One catch in implementing these systems is that itis difficult to use Uno as it has limited 
I/O pins. You might want to use Arduino Mega for this project. 


CHAPTER 13 


SD Card Module, IR Receiver, and Relay 


In the last chapter, we learned the membrane type matrix keypad in detail and created 
a project for password protected security system around it. 


In this chapter, we will get introduced to important hardware modules like SD 
Card Module and IR Receiver. In the end, in the exercise section, we will have a brief 
look at relay. 


MicroSD Card Module 


We are all familiar with MicroSD cards. We frequently use them for the data storage in 
the mobile devices. We also use them for storage of OS and as a boot disc in Single 
Board Computers like Raspberry Pi and Banana Pro. Now, we want to use them with an 
Arduino. Arduino does not have any built-in socket for MicroSD cards. We need to 
interface a MicroSD card module to Arduino using SPI interface of Arduino. Following 
is an image of rear side of MicroSD card module, 


CATALEX 


0 ^ MicroSD Card Adapter 


S i v1.0 1170172013 
a, Catalex, taobao. com 





Fig. 13.1: MicroSD card module 


We can clearly see the pins and their names in the photograph above. Let’s see 
how to make connections with Arduino Uno. Connect MOSI to digital pin 11, MISO to 
digital pin 12, and SCK (labeled as CLK) to pin 13. Connect CS (Chip Select) pin to pin 4 
of Arduino. Connect the power pins VCC and GND to +5V and GND of Arduino Uno. 
This completes connections. Now, we need to insert a MicroSD card. Before inserting 
the card format it with FAT as a file system. 
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Note: You might want to use SD Memory Card Formatter software for this. It is 
freely available for Windows and MAC at https://www.sdcard.org/downloads/ 
formatter_4/ 

Let’s have a look at how to write basic and simple but useful programs for the 
Arduino Uno with SD card module. The following program reads the information about 
the card and displays the list of files on the serial monitor, 





include <SPI.h> 
include <SD.h> 











Sd2Card card; 
SdVolume volume; 
SdFile root; 





const int chipSelect = 4; 


void setup() 


{ 


Serial.begin(9600); 
while (!Serial) 

{ 

} 


Serial.print(“\nInitializing SD card..."); 


if (!card.init(SPI HALF SPEED, chipSelect)) 
{ 























Serial.println("Initialization failed..."); 
Serial.println(^Check the wirings and if a Card is 
inserted..."); 
return; 

} 

else 


{ 
Serial.println(^NnWirings are correct and a card is 
present..."); 


} 


Serial.print(^MnCard Type: "); 

switch (card.type()) 

{ 
case SD CARD TYPE SDI: 
Serial.println("SD1"); 
break; 
case SD CARD TYPE SD2: 
Serial.println("SD2"); 
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} 


break; 

case SD_CARD_TYPE_SDHC: 
Serial.printin(“SDHC”) ; 

break; 

default: 

Serial.printin(“Unknown Card Type"); 





} 


if (!volume.init (card) ) 

{ 
Serial.println (“Could not find FAT16/FAT32 partition on 
the card."); 
Serial.printin(“Make sure you've formatted the card with 
FAT as the file system..."); 
return; 


} 


uint32_t volumesize; 
Serial.print(^NnVolume type is FAT" 


El 








); 
Serial.println(volume.fatType(), DEC); 
Serial.println(); 











volumesize = volume.blocksPerCluster(); // clusters are 
collections of blocks 





volumesize *- volume.clusterCount();  // we'll have a lot of 

clusters 

volumesize *- 512; // SD card blocks are 
always 512 bytes 








Serial.print("Volume size in bytes: ^"); 





m 
Serial.println(volumesize); 
Serial.print me size in Kbytes: ^"); 
volumesize /- 1024; 


Serial.println(volumesize); 








Serial.print("Volume size in Mbytes: ^"); 








Il 
p 
C» 
N 

p. 


volumesize / 











Serial.println(volumesize); 




















Serial.println(^NnFiles found on the card (Name, Date, and 
Size in bytes): ^"); 





root.openRoot (volume); 


// list all files in the card with date and size 
root.ls(LS R | LS DATE | LS SIZE); 














void loop(void) { 


} 
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Let’s have a brief look at the program and what the important functions in that 
do. The program uses pre-installed SD library along with SPI library. In the program, 
first we are creating objects for the SD card, the volume on SD card, and filesystem. 
The card.init() function initializes the SD card. card.type() returns the type of SD card. 
volume.init() initializes and opens the volume (or partition) on the card. The 
volume.fatType() return whether the card is formatted with FAT16 or FAT32. 
root.openRoot() opens the filesystem and root.Is() prints the list of all files. The following 
is the output of the program for a card | use, 


£5 COM (Arduino! Genuine Uno - D x 








| Autem o No ine ending 9600 baud Clear output 


Fig. 13.2: Output of the SD card reader utility 


The following is a simple example of creating and destroying files on the SD card, 





include <SPI.h> 
include <SD.h> 














File myFile; 


void setup () 
{ 
Serial.begin(9600); 





Serial.print (“Initializing SD card..."); 


if (!SD.begin(4)) 
{ 


Serial.printin(“initialization failed!"); 





return; 


} 


Serial.println("initialization done."); 





if (SD.exists(“test.txt”) ) 
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} 


Serial.printin(“test.txt exists."); 


} 


else 


{ 


Serial.println(^test.txt doesn't exist.") 


} 


Serial.println("Creating test.txt..."); 
myFile = SD.open(“test.txt”, FILE WRITE 
myFile.close(); 








rj 
— 
x 





if (SD.exists("test.txt")) 
{ 


Serial.printin(“test.txt exists."); 


} 


else 


{ 


rd 


Serial.printin(“test.txt doesn't exist."); 


} 


Serial.println("Removing test.txt..."); 
SD.remove (“test.txt”); 


if (SD.exists("test.txt")) 
{ 


Serial.printin(“test.txt exists."); 


} 


else 


{ 


Serial.println(^test.txt doesn't exist.") 


void loop() 


{ 
} 


, 


The program above takes a different approach of initializing a SD card. In the earlier 
program, we created an object for the card. Here we're simply using the library function 
SD.begin() for initializing the card. SD.exists() checks if the given file exists on the card. 
SD.open() creates a file with given filename on a disk if one does not exist and returns 
a File object. close() function closes the file associated with the object it is called by. 
SD.remove() the given file from the card. Run the program above and check the output 
in the serial monitor. 


Now, as we are comfortable with the basics of creating, opening, closing, and 


146 Arduino Made Simple 





destroying a file on a card, let’s write some data into file and read some data from the 
file. The following is a very simple program which writes some data into a file and 
reads the same from the file, 


#include <SPI.h> 
#include <SD.h> 





File myFile; 


void setup() 
{ 
Serial.begin(9600); 
while (!Serial) 
{ 
} 


Serial.print (“Initializing SD card..."); 


if (!SD.begin(4)) 
{ 





Serial.println("initialization failed!"); 
return; 


} 


Serial.printin(“initialization done.”); 








myFile = SD.open(“test.txt”, FILE WRITE); 











if (myFile) 

{ 
Serial.print (“Writing to test.txt..."); 
myFile.printin(“The quick brown fox jumps over the lazy 
dog."); 
myFile.close(); 











Serial.printin(“done.”); 


} 


else 


{ 


Serial.printin(“error opening test.txt"); 


} 


myFile = SD.open(“test.txt”); 
if (myFile) 
{ 
Serial.println("test.txt:"); 


while (myFile.available()) 


{ 





Serial.write(myFile.read()); 
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} 


myFile.close(); 


} 


else 


{ 


Serial.println("error opening test.txt"); 


} 


void loop() 
{ 
} 


The program above introduces us a few useful functions. printIn() and print() 
functions used with the file objects write data to a file. available() functions tells us if 
the file has more data. read() function used with the file object reads the data from 
file. Run this program and check the output on the Serial Monitor. 


IR Receiver Sensor and Remote Control 


Let's move on to the next part for interfacing with Arduino. IR stands for Infrared. It is 
the preferred form of technology used for the communication over the short distances. 
We can use Arduino with this technology. We need an IR Receiver interfaced with Uno 
for the reception. There are many receivers available in the market. | am using TSOP1738 
as itis simple to use. Following is a photo of the TSOP1738, 





Fig. 13.3: TSOP1738 
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To generate the IR signals we can use remote controls. | am using a low-cost remote 
control found in the electronics stores, 


IVOPOSE 
(eye? u) d) 
eaae 






Fig. 13.4: General purpose remote control 


We can also use television remote controls, 





Fig. 13.5: Television remote control 


Following is the connection diagram with Uno, 
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Fig. 13.6: Interfacing TSOP1738 with Uno 


The leftmost pin of the sensor is the ground, the middle one is the VCC, and the 
rightmost is the signal pin. 

This was the circuit diagram. Let’s write code for it. In order to write the code, we 
need to install IRremote library. To install it, download the zip file for the library from 
https://github.com/z3t0/Arduino-IRremote to your computer and then extract the 
folder in that to the libraries folder of your Arduino setup. After copying rename the 
folder to IRremote. After that temporarily copy IRremoteTools folder from libraries 
folder to some other folder as IRremoteTools library conflicts with IRremote library. 
Now write and save the following code, 


#include <IRremote.h> 


int RECV_PIN = 11; 
IRrecv irrecv(RECV PIN); 
decode results results; 








void setup() 

{ 
Serial.begin(9600); 
irrecv.enableIRIn(); 


} 


void loop () 
{ 
if (irrecv.decode(&results)) 


{ 








Serial.println(results.value, HEX); 





irrecv.resume(); 
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We are creating an object for the IR receiver and then enabling it to receive the 
signals in the setup(). In the loop() section, we are decoding the signals to identify the 
distinct keypresses. Upload the code, start the serial monitor and make sure that there 
is battery in the remote control. Then try pressing a few keys and check the output on 
the serial monitor, 








EZ] Autoscrol No ine ending 9600 baud Dex out 


Fig. 13.7: The IR receiver code output 


Every key produces distinct output when pressed. If you keep a key press more 
than a moment, it produces FFFFFFFF. We can use the IR receiver and remote in 
combination with a lot of other pieces of hardware we learned to make a lot of 
interesting projects. 


Summary 


In this chapter, we learned how to use SD card module and IR sensor. We saw their 
basic usage. In the next chapter, we are going to learn the basics of Arduino Nano and 
Arduino Tian. 


Exercises for this Chapter 


Before we begin with the usual exercise of creating the projects by combining the 
components, | want all the readers to explore a component. It does not require 
knowledge of a separate library. The component is relay board. A relay is an 
electromechanical switch which turns on and off a device depending on the input signal 
provided to it. The following is an active low relay board with an array of 4 relays, 
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Fig. 13.8: An active-low 4 relay board 


The board has six input pins (as highlighted above in a red rectangle). There are 
two power pins (VCC and GND) and rest of those pins are inputs to individual relays in 
the array. Each relay has three output terminals. The top two terminals are connected 
when the relay is active. This is set of terminals are known as normally closed. The 
bottom two terminals are disconnected when the relay is active. This set of terminals 
are normally open. And the reverse is true when the relay is de-activated. The top two 
terminals are disconnected and the bottom two terminals are connected. The input to 
the relay should be +5V for signal. The relay output terminals can handle AC as well as 
DC current. They can handle up to 10A of 250 Volts of AC current with up to 60Hz 
alternating frequency. The relay above is active-low. It means that the relay is active 
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and the closed circuit completes when the input pin for that particular relay is low. The 

active high relay boards are also available in market. Those active-high relay boards 

are usually colored in green. 

As | mentioned earlier, we do not need a special library to control relays. 
digitalWrite() function is sufficient for operating relays. 

Now we know how to work with relays, we can have some great project ideas 
around the components we studied earlier and the relays, 

1. Relays work as electromechanical switches. Use an AC light bulb or a fan for 
demonstrating the basic use of relay using Arduino Uno. 

Note: Be very careful while working with live AC voltage. An electric shock may 
kill instantly by stopping your heart or damaging vital organs of body. 

2. Combine the relay and tSOP1738 in a single circuit to create a remote controlled 
home. 

3. Weare yet to discuss the projects for SD card module. Use DHT sensors to monitor 
the environment and use microSD card to log the readings. 

4. Many developers are aware of the concept of Logging. If the Arduino is not 
connected to a computer, then we cannot debug it using with Serial Monitor. In 
these cases, we can use the microSD card with SD card module to maintain the 
logsfor the operation of the current project with Arduino. Try maintaining a DEBUG 
and an ERROR log for your project with Arduino. 


CHAPTER 14 


Arduino Nano and Arduino Tian 


In the last chapter, we explored few hardware components and interfaced them with 
Arduino Uno to create a few exciting projects. In this chapter, we will explore two more 
members of Arduino ecosystem. The first one is Arduino Nano whichis mostly used for 
embedded systems projects. The other is Arduino Tian which combines the power of 
Linux OS with Arduino Platform to bring interesting projects to life. We will get 
acquainted to Arduino Nano and then study the Arduino Tian platform in detail. 


Arduino Nano 


Arduino Nano is a breadboard friendly model of Arduino. Arduino Nano 3.x is based 
on ATmega328 and Arduino Nano 2.x is based on ATmegai168. It is mostly used in 
embedded systems projects. The following is an image of an Arduino Nano (actually, 
it's a clone, functionally of it is same as Arduino Nano), 
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Fig. 14.1: Arduino Nano top view 


Following is an image of a Nano from a different angle, 
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Fig. 14.2: Arduino Nano side view 


Unlike Arduino Uno, Nano uses Mini-B type of connector for the power supply 
and for the connection with a computer. Following is an image of Mini-B USB cable, 


— 





Fig. 14.3: Mini-B to USB cable 


Arduino Nano v3.x uses ATmega328 microcontroller with 16MHz clock speed. It 
has 32KB of flash memory out of which 2KB is used by bootloader. It also has 2KB of 
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SRAM and 1KB of EEPROM. There are 22 digital I/O pins out of which the pins D3, D5, 
D6, D9, D10, and D11 provide PWM output. There are 8 analog input pins. RXO and TX1 


are used for serial communication. 


D4 (SDA) and D5 (SCL) provide I2C communication. 


There is a built-in LED connected to pin D13. 


Let’s upload and test a quick sketch. Connect the Nano to a computer using a 
Mini-b USB cable. Open the LED blink sketch from Examples option from the File menu. 


Auto Format 

Archive Sketch 

Fix Encoding & Reload 
Serial Monitor 

Serial Plotter 


WiFi101 Firmware Updater 


Board: "Arduino Nano" 
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Port 

Get Board Info 
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Fig. 14.4: Selecting a board 


In the Tools menu, select Arduino Nano under the boards. Also select the 
appropriate processor (ATmega328 if you have 3.x and ATmega168 if you have 2.x). 
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Fig. 14.5: Selecting a processor 


Upload the sketch to the board and see it in action. 
As | mentioned earlier, Nano is breadboard friendly. It can be mounted on a 


breadboard as follows, 
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Fig. 14.6: Prototyping with Nano in progress 


Note: If you do not want to use breadboard for prototyping with Nano, you might 
want to use Arduino Nano IO expansion shield. It is an unofficial shield on which a 
Nano can be mounted. The shield can be powered by barrel jack power supply which is 
used by the Nano too. Just search eBay or Amazon for Arduino Nano IO expansion 
shield. 


Arduino Tian 


Till now, we have explored a couple of models of Arduino. We extensively worked with 
Arduino Uno. We had a brief overview of Arduino Nano. And if you have gone through 
all the exercises, you also had hands on experience with Arduino Mega 2560 Rev3. In 
this section we are going to get familiar with a member of Arduino family which runs 
Linux. And the member is Arduino Tian. Following is the top view of Arduino Tian, 





Fig. 14.7: Arduino Tian Top view 


The pins placement is very similar to Arduino Uno. The names of the pins are 
printed on the sides, 
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Fig. 14.8: View from a side 


Following is the view from the other side, 





Fig. 14.9: View from the other side 


There are ports for power, Ethernet connection, and USB as follows, 





Fig. 14.10: View from the front 


Let’s discuss the technical specifications of Tian. 


The new Arduino Tian board has Atmel’s SAMD21 microcontroller. It features a 
32-bit ARM Cortex? MO+ core with clock speed of 48MHz. It has 256KB of flash memory 
and 32KB of SRAM. 


Tian also has a Qualcomm Atheros AR9342, which is a MIPS processor operating 
at up to 533MHz. Qualcomm Atheros AR9342 supports a Linux distribution called Linino 
which is based on OpenWRT. The Arduino Tian has a build-in 4GB eMMC memory. It 
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also has 16MB of additional flash memory. The Tian features 64MB of RAM. Operating 
voltage of Arduino Tian is 3.3V. 


The Atheros AR9342 has IEEE 802.11n 2x2 2.4/5 GHz dual-band WiFi module for 
connectivity. It also features an 802.3 10/100/1000 Mbit/s ethernet port for connectivity 
to the wired networks. 


Though the pinout of Tian is similar to Uno, the functionality of the pins is better 
than Uno. In this chapter, we will mainly focus on the Linux and Atheros AR9342. So, 
we won't be discussing the pins in detail. However, if you are interested in the pins 
then visit https://store.arduino.cc/usa/arduino-tian for more information on pins. 


Let's get started with Arduino Tian. Before we begin, we need to install the SAMD 
Boards for Arduino IDE. It's very simple. We have to use the Boards Manager in the 
Arduino IDE. 


From Tools in the menubar, navigate to Board -» Boards Manager, 
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Fig. 14.11: Navigating to Arduino IDE Boards Manager 
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Once in the Boards Manager, install the Arduino SAMD Boards (32-bits ARM 
Cortex-M0+), 
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Fig. 14.12: Installing Arduino SAMD Boards 


Make sure that you are installing the correct set of boards by checking that Arduino 
Tian is in the description. Once installation is done, we need to power up the Tian 
board to get started. To power it up, we have to provide 5V and minimum 600mA of 
power using a micro USB cable. Following is a picture of a micro USB cable, 





Fig. 14.13: Micro USB cable 


Attach the micro USB cable to the Tian’s micro USB port and power it up using a 
power supply. If you do not have a power supply they you can even connect it to your 
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computer. Once connected, it takes approximately 20 seconds for Tian board to boot 
up, load the OS, and enable the WiFi access point. After around 20-30 seconds, check 
the WiFi networks available on your computer. You will find a new WiFi network named 
as Arduino-Tian-XXXXXXXXXXXX. Following is the screenshot of WiFi networks 
available to my computer after | power the Tian on, 
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Fig. 14.14: Arduino Tian's WiFi 


Connect to this network and once connected, open any web browser of your 
choice. Type http://192.168.240.1/ in the address bar and press enter. The following 
page will appear, 





Fig. 14.15: Arduino OS login page 


This is the login page of Arduino OS. Arduino OS a lightweight web based interface 
on top of Linino Linux. The default password for any Tian board is arduino (all lowercase 
letters). Once you click the Login button, it takes us to the Arduino Configuration 
Wizard. This wizard helps us to setup the Arduino Tian for the first time (it is also 
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available afterwards through the menu; we will see that soon). The following is the 
first page of the wizard, the Board Settings page, 


€ 








Fig. 14.16: The Board Settings page 


You can set the Board name, time zone, and password. If you do not provide a 
password here, it will retain the default password. Click Next and the Wireless Settings 
page will appear, 





Fig. 14.17: The Wireless Settings page 


You can find all the wireless networks available in your area here. Select the same 
WiFi network to which your current computer usually connects to. We will access the 
Arduino Tian through WiFi once we're done. Enter all the relevant details like Security 


and Password for your WiFi network and click Next. It will take you to Rest Api Settings 
page as follows, 
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Fig. 14.18: The Wireless Settings page 


Keep this at default setting and click Next button. It will take you to Save and 
Restart page as follows, 
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Fig. 14.19: Save and Restart 


Click Save button or click Back if you want to change something. Once you click 
Save button, a progress bar will appear as follows, 
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Fig. 14.20: Progress Bar 
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Once the Tian is applied with new settings, it disables the built-in WiFi access 
point named Arduino-Tian-XXXXXXXXXXXX and connects to the WiFi network we 


mentioned in the setup wizard. 


We have setup the Tian. Now we have to access it. For that, we need to find its IP 
address. The easiest way to do that is to check your Arduino IDE as follows. Open the 
IDE and create a new blank sketch. Choose Arduino Tian as the board as follows, 
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Fig. 14.21: Choosing Arduino Tian from Tools->Board 


You must have noticed that an entire new category of boards have been added to 
the IDE. This is because we installed SAMD boards before we got started with the setup 
process. Once done, under the same menu i.e. Tools choose the option Port. It will 


look as follows, 
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Fig. 14.22: Choosing Arduino Tian from Tools->Board 
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In the screenshot above, we can see that under the Network Ports, we can see 
the name of our Arduino Tian arduino (I have kept it at default name settings) and an 
IP address listed against it. Note down this IP address for now. Remember that the 
most of WiFi networks use DHCP to allocate IP addresses dynamically. So, next time 
the IP address may be different. 

Now open any browser of your choice. Type this IP address in the address bar and 
press enter. You will see the login screen again. However, this time, we are accessing 
the Tian as a wireless station rather than access point. 
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Fig. 14.23: Arduino Tian Arduino OS login screen 


Enter the password and click Login button, 
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Fig. 14.24: Arduino OS 


This is the Arduino OS screen. You can control the Tian board in every possible 
way from here. Let’s discuss the icons on the screen one-by-one. On the right hand 
side in the top right corner, we find a set of icons, 
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Fig. 14.25: Icons in the top right 


The first option is to make the current window of the browser full screen. Second 


icon has sign out and reboot options. They are visible once clicked. 
In the left hand corner at the top, we see the Arduino logo. It is an icon for Arduino 


OS menu. Click it and it will generate a drop-down as follows, 
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Fig. 14.26: Arduino Menu 
Let’s see the menu options one-by-one. Under Development, we find CodeMirror 


code editor as follows, 








Fig. 14.27: CodeMirror code Editor 


We can save the code files for various programming languages as shown in the 


screenshot below. 
Under Multimedia, we find Preview utility and under Office, we have Calculator 


application. Under System, we find Settings application which is used to change look 
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and feel of the Arduino OS. Under Utilities, we have many useful applications which a 
developers like on day-to-day basis, 
o 0 
i. Development & 
Multimedia > 
ig Office 
Ü System 


WO Utilities > Arduino Configuration Wizard 


68 Arduino Lal - File Manager 


[| Terminal 
[| Termina! (External Window) 


Ej Textpad 





Fig. 14.28: Utilities 


In the Utilities, we have Arduino Configuration Wizard which we used to setup 
the Tian board. File Manager is a file explorer. Terminal is the command line interface. 
Textpad is a text editor. 

The most powerful is, of course, the Terminal. It is the command line of Linino 
Linux distribution. Open the terminal application. It will ask you for the username. 
Remember that there is only one user as of now and it is the root user. The password 
that we set during the initial setup is the password for the root. Enter the password 
and you will see the prompt of Linino OS as follows, 






[127 login: root 
root8127.0.0.1's password: 


BusyBox v1.23.2 (2016-01-14 20:57:26 CET) built-in shell (ash) 
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root@arduino:~# 








Fig. 14.29: Linino Linux prompt 


Arduino Nano and Arduino Tian 167 





The prompt reads root@arduino:~#. This is because root is the username. arduino 
is the machine name that is set during the setup process. This is the normal Linux 
prompt. Most of the Linux commands work without any problem. Let’s see how to 
install and manage utilities by using this. 

We can use opkg utility to manage the packages. It is the package manager like 
apt. Its full form is Open PacKaGe Management. We can use it to install a lot of useful 
utilities. Linino does not come with gcc, the GNU C Compiler. Install it using the following 
command, 

opkg install gcc 

Linino has Python 2. We can verify it by running the following command, 

python -V 

We can install the Python’s package manager pip with the following command, 

opkg install python-pip 

We can install Python 3 with the following command, 

opkg install python3 

These were a few essential tools for the developers. We can exit the prompt by 
running the following command, 

exit 

Note: We can remotely access Arduino Tian’s terminal by PuTTY or ssh utilities. 

Finally, we can shut down the Tian by running halt or poweroff command on the 
terminal. 

We find many more useful utilities under the Arduino option in the menu. 


= Development > 
i) Multimedia 

W Office 

© System 


IZ Utilities 


99 Arduino €» About Arduino OS 


© Arduino Ciao Configurator 
DR Arduino Kernel Log 

© Arduino Luci 

EC Arduino Package Manager 
[+] Arduino Process Viewer 

¥ Arduino Settings 


[Arduino System Log 





Fig. 14.30: Linino Menu Options 
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Of these all utilities, Arduino System Log and Arduino Kernel Log are log viewing utilities 
for more experience developers. Arduino Process Viewer is a utility to view and manage 
currently running processes. Following is the screenshot, 


Arduino Process Viewer 








Name 
1 /sbin/procd 0% 2% 
2 [kthreadd] 0% 0% | 
3 [ksoftirqd/0) 0% o% 
Kill Terminate Hang Up 





Fig. 14.31: Arduino Process Viewer 


Arduino Package Manager is graphical version of opkg utility. It is used to install 
new packages and manage already installed packages. Following is the screenshot, 


Arduino Package Manager 


List available packages 


List available packages 
List installed packages 


List installed and upgradable packages 











6to4 12-2 
adblock 1.54-1 
agetty 2.25.2-4 
ahcpd 0.53-2 
aircrack-ng 12-rci-l 
ajtct 15.04b-1 
ajtcl-alljoynjs 15.04-1 
ajtcl-alljoynjs-samples 15.04-1 | 
ajtcl-samples 15.04b-1 
isna Y 


aitcl-cervicas 


Refresh Open 


Fig. 14.32: Arduino Package Manager 
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Arduino Settings shows us the information about the Tian board, 


Arduino Settings 





Information Network Devices System WIFI Rest API 


Key Value 
system Atheros AR9342 rev 3 
model Arduino Tian 
memtotal 60716 
memcached 19224 
membuffers 11272 
memfree 5504 
bogomips 266.64 
uptime 6397 
swapused 4 

swapfree 845788 





Refresh 





Fig. 14.33: Arduino Package Manager 


Arduino Luci is a control panel type of application. Once you click it, it asks you 
the root password, 


Authorization Required 


Plone enter your username and password 








Uvername [Broo 





Paseword [Teseeees 





Fig. 14.34: Arduino Luci Login 


Once you enter the password and click Login button you will be taken to the 
application. Using this application, you can accomplish a lot of things. Explore it more 
on your own. Following is the screenshot, 
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Fig. 14.35: Arduino Luci Monitoring Option 


This is the brief overview of the Arduino OS and Linux. Now, let's see how we can 
use Arduino IDE to upload the programs to Arduino Tian. Shutdown the microprocessor 
of Arduino Tian using the command halt. Once done, open the Arduino IDE on your 
computer and open the Blink sketch from the Examples in the File menu. Make sure 
that you have chosen the Arduino Tian option under Board in Tools menu. After that, 
open the Ports option from Tools. Following is the screenshot, 


ieee Help 
Auto Format Ctrl- T 
Archive Sketch 
Fix Encoding & Reload 
Serial Monitor Ctri- Shift- M 
Serial Plotter Ctrl+Shift+L 


WiFi101 Firmware Updater 


Board: "Arduino Tian" >| 
1 Port: "COMS (Arduino Tian)" j Serial ports 
) Get Board Info | COMI 
) v COM5 (Arduino Tian) 
COM4 (Arduino Tian (MIPS Console port)) 





1 Programmer: "AVRISP mkll" 
Burn Bootloader 


| 
yp function runs over and over again fon Network ports 
) 


{ arduino at 192.168.2.4 (Arduino Tian) 


(Tm Aen HTO -= 00 were at 5 —— ———————————--—- 


Fig. 14.36: Arduino Tian over Serial and Network ports 


We can upload program using the COM serial port when Arduino Tian is connected 
to the computer using the USB cable. While choosing the port choose COMS (Arduino 
Tian). Here in my computer the Tian is connected using COM5 and COM4. In your case 
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it could be different ports. Do not select the COM port which reads MIPS Console Port. 
This option is very useful when the WiFi network is not available. 


We can upload program using network port when the Tian is connected to WiFi. 
This option is very useful when the Tian is not directly connected to the computer 
using USB cable. 


In my case, the Tian is connected to my computer with USB cable and it is also 
connected to the WiFi. So, | can choose any of the options to upload the sketch. 


You might be wondering what to do with the existing network settings when you 
change the WiFi network. For this there is a remedy. There is a small push button near 
USB host port. It is for WiFi reset. When you are in some other network and want to 
access that just push this button for 5 seconds when the Arduino is powered on. This 
will reset the WiFi settings and initiate the Arduino Tian into WiFi Access Point mode 
while retaining all other settings. We will be able to see the WiFi access point 
corresponding to your Tian in your computer. From here, we can connect to Arduino 
Tian to configure it again to connect to the new WiFi point. 


With this we are concluding this section and the chapter. 
Summary 


In this chapter, we have been introduced to Arduino Nano and Arduino Tian. We learned 
the specifications of both. Also we had an overview of Arduino OS for Tian and the 
terminal command prompt of the Linino Linux. In the next chapter, we will have a look 
at few more interesting concepts. 


Exercises for this Chapter 


1. Try running a few Python 3 programs on Arduino Tian. 


2. Build and deploy all the projects that we did in the earlier chapters on Arduino 
Tian and Arduino Nano. 


CHAPTER 15 


Miscellaneous Topics 


In the last chapter, we explored Arduino Nano and Arduino Tian. We had a very brief 
overview of Arduino Nano. We studied the setup procedure of Arduino Tian in detail 
and had a very detailed overview of the Arduino OS. We also had a brief look at the 
Linino Linux which is a variant of OpenWRT. We studied how to update the Arduino OS 
and how to install various developer tools on the Linino Linux. 

In this chapter, we will have a look at how the communication between two units 
of Arduino can be achieved. For that, we are going to use I2C protocol and Serial 
communication. We could have learned this in the chapter where we were introduced 
to the I2C and Serial using two units of Arduino Uno. However, | was saving this for the 
end on purpose. The purpose is to use to a pair of separate type of Arduino boards to 
achieve this. 

In the end, we will learn how to program an Arduino with Raspberry Pi. We will 
also study how to make a Raspberry Pi and an Arduino communicate with each other 
using Serial bus. 


Connecting Multiple Arduino Boards to a Computer 


Before we begin, let's see how to connect multiple Arduino boards to a computer. We 
can simply connect them to a computer with USB interface. Once we connect them to 
a computer, we can check in Arduino IDE if they are appearing in the list under Port. 
Following is a screenshot of my setup, 

















e sketch oct19a | Arduino 1.8.3 


File Edit Sketch Tools Help 


Auto Format Ctri+T 
Archive Sketch 
Fix Encoding & Reload 


Serial Monitor Ctrl+Shift+M 
Serial Plotter Ctrl+Shift+L 


} WiFi101 Firmware Updater 


OAM 400 Pe Board: “Arduino Tian” > 
“SY Port: "COMS (Arduino Tian)" e 
Get Board Info COMI 
COM? 
COMS (Arduino/Genuino Uno) 
w' COMS (Arduino Tian) 
COM4 (Arduino Tian (MIPS Console port)) 


al ports 


Programmer: "AVRISP mkil" 


Burn Bootloader 





Fig. 15.1: Multiple Arduino boards connected to a computer 
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The ports may be different for your setup. Above, Arduino Nano is connected to 
COM7, Arduino Tian is connected to COMS5, and Arduino Uno is connected to COM3. 
We can open different windows of Arduino IDE, each with their own board and port 
settings. This is how we can program different Arduino boards at the same time. We 
learned this trick because we are going to need it for the next couple of topics. 


Arduino To Arduino I2C Communication 


Let's connect an Arduino Uno and a Nano together using 12C bus. Make the 
connections according to the following diagram, 
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Fig. 15.2: Connecting two Arduino boards together with 12C 


Once we create the circuit as shown above, we need to use the Wire library to 
write programs. We need to treat one of the boards as I2C master and the other as I2C 
slave. | am using Uno as the master and Nano as the slave. However, as the code is 
generic in nature we can use the boards in reverse order i.e. Uno as slave and Nano as 
master. The following is the code for master board, 


#include<Wire.h> 
int x = 0; 


void setup() 
{ 
Serial.begin(9600); 
Wire.begin(); 
Serial.println(^Initializing Serial for DEBUG:"); 
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} 
void loop() 
{ 


Wire.beginTransmission(7); 
Wire.write(x); 
Wire.endTransmission(); 


Xtt; 
Serial.print (“Transmitting : ^"); 
Serial.println(x); 


if ( x == ) 


x = 0; 


delay(1000); 


In the code above, we are introduced to a couple of new functions. Wire.begins() 
initializes I2C pins for communication. Wire.beginTransmission(7) and 
Wire.endTransmission() are used to transmit the data to a slave device at address 7 
and to end the wire transmission respectively. Rest of the logic is easy to understand. 


We need to have a program at the slave side to receive this transmission. The 
slave side program is as follows, 


#include<Wire.h> 


int x = 0; 


void setup () 
{ 
Serial.begin(9600); 
pinMode (LED_BUILTIN, OUTPUT); 
Wire.begin(7); 
Serial.println(^"Initializing Serial for DEBUG:"); 
Wire.onReceive(receiveEvent); 




















} 





void receiveEvent (int bytes) 


{ 


X Wire.read(); 

Serial.print (“Received : "); 
Serial.println(x); 
Serial.println(^Flashing the LED..."); 
digitalWrite(LED BUILTIN, HIGH) 

delay (200); 




















, 





Miscellaneous Topics 175 





digitalWrite(LED_BUILTIN , LOW); 
delay (200); 








} 


void loop() 
{ 


} 


When we initialize an 12C slave device, we need to specify an address for the 
slave. So, we are initializing the second board as a slave at address 7 with the function 
call Wire.begin(7). We use Wire.read() to read the data received from I2C bus. 

Upload both the programs to the separate boards. However, at any moment we 
can select only a single board and monitor the Serial output. So for the best results, 
just connect the boards to different computers and monitor the output on the Serial 
Monitors. 

The setup that we just demonstrated is known as the Master Writer setup as the 
master node is sending the data to the slave node. You might want to try the other way 
around i.e. slave sending the data to the master node. 


Arduino to Arduino Serial Communication 


Wecan use serial communication to communicate between two Arduino boards. Unlike 
I2C, as we know, Serial is not a synchronous bus and does not need master-slave setup. 
We just need to connect the TX pin of one board to RX pin of the other board and vice 
versa. Following is an example setup, 
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Fig. 15.3: Arduino to Arduino Serial communication setup 
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The programs for serial communication are simple. Following is the simple sender 
code, 


void setup () 

{ 
Serial.begin(9600); 
Serial.println("Sender Program...”); 





} 


void loop() 

{ 
Serial.print('H'); 
delay(1000); 
Serial.print('L'); 
delay(1000); 








We are familiar with all the functions we are using in the program above. We are 
just alternatively sending the characters H and L to the serial bus. 


The receiver code | am using is slightly modified version of the example code 
found under the File -» Examples -» Comminucation -» PhysicalPixel in the Arduino 
IDE. We are just receiving one byte at a time from serial bus and checking its value. If it 
is character H then we're setting the LED high and if itis Lthen we are setting LED low. 
Following is the complete code, 


int incomingByte; 


void setup() 

{ 
Serial.begin(9600); 
pinMode (LED BUILTIN, OUTPUT); 
Serial.println("Intializing Serial Receiver..."); 








} 


void loop() 
{ 
if (Serial.available() > 0) 
{ 
incomingByte = Serial.read(); 
if (incomingByte == 'H') 
{ 
digitalWrite(LED_BUILTIN, HIGH); 
Serial.println(^Setting LED HIGH..."); 











} 





if (incomingByte == ‘L’) 


{ 
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digitalWrite(LED_BUILTIN, LOW); 
Serial.println(^Setting LED LOW..."); 











Upload both the programs to separate boards connected to each other through 
serial pins as shown in the figure earlier and monitorthe receiver board. You will notice 
that the built-in LED at the receiver flashes periodically at the regular interval. 


The circuit arrangement and the programs are very simple for the Serial 
communication between Arduino boards. We are not using any new functions in the 
program above. If you want, you can check the serial monitor for DEBUG log we're 
writing through program. This is how the Serial to Serial communication between 
Arduino boards happen. However, Serial bus is, as we know, a generic bus which is 
found almost in all the devices. It would be really exciting to connect Arduino with 
some other type of device and programmatically handle the serial communication. In 
the next section, we will have a look at that. 


Arduino to Raspberry Pi Communication through Serial USB 


We know that the Serial data communication is almost a universal standard and almost 
all of the programmable ICs have pins for serial communication. In this section, we are 
going to learn and experiment with the Serial Connection between Arduino Uno and 
Raspberry Pi. For this, we will need a Raspberry Pi Single Board Computer. Connect the 
Arduino to the Raspberry Pi using USB cable. Following is a photograph of my setup, 





Fig. 15.4: Arduino connected to Raspberry Pi 


| am using a plate like RAB holder to keep it all organized. You can purchase it 
from the following URL, 
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https://www.sunfounder.com/starterkit/arduino/rab-holder-kit-18/rab- 
holder.html 


| am assuming that you are familiar with the Raspberry Pi's Raspbian OS for rest 
of the section of the chapter. Once the Arduino and the Pi are connected, boot up the 
Pi. The Uno board will be powered through USB. Once the Pi boots up, we need to 
install Arduino IDE to the Pi. Run the following set of commands in sequence to that, 


sudo apt-get update 
sudo apt-get install arduino -y 





Once the installation is done, we can access the Arduino IDE from the programming 
section from the Raspbian Menu from desktop. We can also run the command arduino 
from the command prompt to invoke the IDE. Following is the simple Arduino code 
which sends text to serial bus, 


void setup() 
{ 

Serial.begin(9600); 
} 


void loop() 
{ 





Serial.println("Hello Pi"); 
delay(1000); 


The program above is the sender program. We need to have a program running 
on the Raspberry Pi which receives the data on Serial and displays it on screen. Following 
is the Python 3 program which does that, 


import serial 
ser = serial.Serial('/dev/ttyACMO', 9600) 


while 1: 
print (ser.readline() ) 


The program above receives and reads the data from the serial port /dev/ttyACMO 
of Raspberry Pi. If the port is different for your setup, mention the appropriate port in 
the program above. We can run this program by running the following command on 
command line, 


python3 SerialTest.py 


Following window shows the program, the execution of the program, and the output 
on the command prompt in Raspberry Pi, 
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Fig. 15.5: Python Program for receiver in action 


Do all the necessary connections, write and execute both the programs for 
respective devices if you want to see the above output yourself. 


Summary 


In this chapter, we have studied how to make two different Arduino boards to 
communicate with each other. Finally, using the concept of Serial communication, we 
made an Arduino and a Raspberry Pi communicate with each other. 


Exercises for this Chapter 


1. We know that with I2C we can have a single master and multiple nodes. Try to 
connect one more Arduino slave node to the 12C communication demo we created 
in this chapter. 


2. Just like Raspberry Pi, other single board computers and other controllers too 
have Serial bus. Use other single board computers like Banana Pro for the last 
demonstration we saw in this chapter. 

3. Inthe Arduino - Raspberry Pi Serial communication demo, we sent message from 
Arduino and received it on Raspberry Pi. Try the other way around. Send a message 
from Raspberry Pi and receive it on Arduino. 

4. Wecan also create text based chat application between devices with the Serial 
communication. It is a nice project to showcase. 


Important Questions (Unsolved) 


| have compiled a list of important questions which will be useful to all those readers 
who are preparing for technical interviews in loT (Internet of Things), Electronics, and 
Innovation sectors. The questions are also useful for viva voce style examinations for 
students who are working on the Arduino platform as part of the curriculum or project. 
The questions are unsolved and readers will find the answers in the book chapters. 
Following are the important questions, 
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What is Arduino? 

What is a Microcontroller? 

What are the examples of Arduino Boards that use Linux? 

What Arduino Board features Intel Curie? 

What are the examples of Arduino Boards that feature ARM microcontrollers? 
Explain the Arduino Ecosystem. 

What are the technical specifications of Arduino Uno R3? 

Explain different ways we can power an Arduino Uno R3 board. 

Explain a few Arduino C data types. 

How is digitalWrite() function used? 

Explain why we have to use pull-up resistor for push-buttons. 

How is digitalRead() function used? 

Explain the difference between parallel bus and serial bus. 

Explain Arduino's Serial Bus, I2C, and SPI. 

What display devices use I2C and SPI buses? 

Explain different types of memory components present on the Arduino Board. 
What is PWM? 

Explain the different ways two or more Arduino boards can be connected together. 


Explain how an Arduino board can be interfaced with Raspberry Pi or Banana 
Pro? 


